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P R E F A C E 
* * * * * * * * * * * * * 
Demand forecasting i s very popular in industxi^l ly 
advanced countries where demand conditions are always 
more uncertain than the supply conditiond. In developing 
countries, however, instead of the demand, supply i s often 
the l imiting factor . High prices and Wick markets point 
to supply bott lenecks . Naturally, in a coxintry l ike Indiaip 
supply forecasting seems to be more important than demand 
forecasting. 
The present study i s re lated to the forecast of tyre 
production in India, for the years 1982 and 1983, separately. 
Three types of tyres have been se lected for the forecast . 
These are Giant tyres (trucks & buses) Car tyres( including 
Jeeps) and two wheeler's tyres (motorcycle, scooters and 
mopeds) , The present study can be c l a s s i f i e d into two peurts — 
the estimation of vehic les production on the bas is of time 
and the estimation of tyre production on the basis of estimated 
production of v e h i c l e s . The estimatAons are based only on the 
s t a t i s t i c a l analysis of the past data. Regression and 
exponential models of forecasting have been used for the 
purpose, 
(NADEEM AHMAD) 
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I N T R O D U C T I O N 
* * * * * * * * * * * * * * * * * * * * * * * 
Movement i s l i f e , Man has moved the wheel of 
c i v i l i z a t i o n and has reached beyond the s^pee today, This 
movement s t a r t e d in the very e a r l y days when man moved 
from place to place for h i s su r t r tva l . Later on when man 
l e a r n t about the wheels and s t i l l l a t e r when he added speed 
to i t , he s e t the wheel of c i v i l i z a t i o i ) r o l l i n g . Helped with 
developing technology and science man made wheels from na tu ra l 
and synthe t ic mate r ia l s which s e t the wheel of l i f e r o l l i n g 
beyond imagination, B ^ iatge-man has used with the advent 
of c i v i l i z a t i o n land, a i r and water for h i s movements in 
the form of ra i lways , roads, aeroplanes and sh ip s , but the 
movement on land i s s t i l l the most important one, and 
c o n s t i t u t e s a major p a r t of h i s movements, of t h i s , the road 
i s more u t i l i z e d than the ra i lways , 
Man's search for knowledge and h i s g rea t achieve-
ment in science and technology, today has made t h i s movement 
t o each and every p a r t of the whole world an e a s i e r task , resul -
t i ng in c loser contac t among people . Modern s c i e n t i f i c 
innovations and technological advancements have made modes 
of movement easy and b e t t e r . In t h i s context , Riibber techno-
logy i s a g i f t of modern sc ience , and i t has replaced na tu ra l 
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tapped rxabber with synthetic materials for better use 
and efficiency. 
For the satisfactory development of both the 
rural and urban areas, the satisfactory provision of a 
transport system consists of road, rail and air traffic 
and also inland waterways and the airways fo4m the infra-
structure on which agriculture, mineral, industrial and 
commercial activities depend. This is specially true in 
a country like ours, which spreads in lakhs of villages, 
A satisfactory transport system helps in intermingling of 
custor s in the various regions, thus leading to a wide 
understanding between people of one area with another. Aware 
of the Implications, government has made large investments 
under the various five year planig to constitu*e a highly 
developed transport system. 
Though all the other transport medias have grown 
substantially, railways and roads are the two most utilized 
transport medias in our country. 
As for railway system in the country, we always have 
to acknowledge owe debt to the British government, who built 
a vast and sound railway network covering almost every part 
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of I n d i a . Lord Dalhou^slc introduced sweepingi^ reforms 
during h i s tenure and the in troduct ion of the ra i lway 
systera was not welcomed by the conservat ive "natives" a t 
t h a t t ime. Whether B r i t i s h e r s introduced t h i s commxinication 
media in t h e i r own s e l f i n t e r e s t or n o t , the f a c t i s t h a t 
the rai lway system has benef i ted the country. The f i r s t 
rai lway carr ied four-hundred passengers , seated in 
fourteen teak-wood coaches and ran over a d i s t a n c e of 33.6 
ki lometres from Bombay t o Thana on 16th A p r i l , 1853. The 
ra i lway system was gradual ly developed t o i t s present l e v e l 
a f t e r the government took i t over in 1925. 
The Indian rai lway system i s the l a r g e s t in A s i a . 
I t i s a l s o tlie b i g g e s t public tinder taking in the country. 
As a r e s u l t of planned developnent s ince 1951, both the 
passenger and goods t r a f f i c have more than do\ibled. The 
passenger v e h i c l e s and wagons have p r a c t i c a l l y doubled but 
the nvunber of locomotives has increased by 35.85 percent . 
There has a l s o been a progress ive increase in 
expenditiare on the development of railv/ays under the Five 
Year P l a n s . I t was Rs.423,73 c r o r e s , Rs , 1 ,043.69 crores , 
R s . 1 , 6 8 5 . 6 3 c r o r e s , Rs .1 ,419 .76 c r o r e s , and Rs .1 ,523 .22 
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crores in the F i r s t , Second, Third, Fourth and F i f th 
plans r e s p e c t i v e l y . Railway system has achieved a 
s i ibs tan t ia l progress since 1951. The t o t a l route length 
has increased from 53,596 Kilometres in 1950-51 to 6 0,933 
Kilometres in 1979-80, Increase in the e l c t r i f i e d route 
iB more s u b s t a n t i a l . The e l e c t r i f i e d route has increased 
from 388 Kilometres in 1950-51 to 4,820 Kilometres in 
1979-80. This shows a trend towards the modernisat ion. Steam 
locomotives, are being gradual ly replaced by e l e c t r i c and 
d i e s e l locomotives. Today, the country i s not only se l f 
s u f f i c i e n t inmett ing the e n t i r e rai lway r o l l i n g stock 
requi re en t , bu t export ing in bigway to developing and 
underdeveloped count r ies of the world. 
Road development in India i s s t i l l very much 
inadequate . The India government ge ts good revenue thoough 
road t r a n s p o r t , bu t the expenditxire on t h i s sec to r had been 
too meagre, as such most of roads remains unsurfaced, and 
more than hal f of which are unsviitable for motor t r anspo r t 
and mostly in bad condi t ion . Although there has been about 
th ree times increase in road bu i ld ing , i t i s s t i l l much 
i n s u f f i c i e n t consider ing the populat ion growth in the country 
and the requirements of a g r i c u l t u r a l and i n d u s t r i a l development. 
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InSj i t e of alLthese f a c t s , the Indian road network 
in one of the l a r g e s t in the world. The length of roads 
was only 2.73 lakh Kilometres in 1914. Due to the measures 
taken by the re spec t ive s t a t e s under d i f f e r en t p ro jec t s to 
improve and extend t h e i r roads , by 1975 the length of roads 
increased to 11,88 lakh k i lomet res , with metal led roads 
rxinning to 6.9 lakh k i lomet res . By 1979 the t o t a l length of 
roads fur ther increased to approxinately 14,00 lakh kilometres, 
In the f i r s t t&eee plans and the three annual plans, 
a sum of Rs,1,134,86 crores was spent on road development. 
The Fourth Plan and Fif th Plan expenditure was Rs,826.94 
c ro res and Rs. 1,348 crores r e s p e c t i v e l y . The proposed 
out lay for road development as envisaged under the d ra f t 
Plan 1980-85 for c e n t r a l sec tor_ i i rRs ,830 c ro res and for 
s t a t e sec tor Rs. 2,609 c r o r e s . The road development 
programme envisaged under the 1980-85 d r a f t Plan lays 
emphasis on a co-ordinated and balanced development of road 
network in the country under ( i ) primary roads comprising 
na t i ona l highways; ( i i ) secondary and feeder road system 
covering highways and major d i s t r i c t roads and ( i i i ) r u r a l 
roads including v i l l a g e roads and other d i s t r i c t roads . 
t 6 » 
The c e n t r a l government i s d i r e c t l y respons ib le 
for the na t iona l highways system. The na t iona l highways 
scheme was inaugrated on 1s t A p r i l , 1947. At p resen t , 
about 55 roads a re c l a s s i f i e d as na t iona l highways, which 
claim a t o t a l length of 30,885 k i lomet res . 
S ta te highways and d i s t r i c t and m r a l roads are 
the r e s p o n s i b i l i t y of s t a t e governments and are maintained 
by various agencies in the s t a t e and iinion t e r r i t o r i e s . 
Roads wi l l be developed in r u r a l a reas ujider the Minimum 
Needs Programme, the object ive being to l ink a l l v i l l a g e s 
with a population of 1,500 and above with a l l -wea ther roads 
during the s i x t h Plan per iod . 
Besides c e n t r a l government and s t a t e government 
there i s an organisa t ion a lso for the cons t ruc t ion of roads , 
This organisa t ion known as Border Roads Organisat ion (BRO), 
and created in 1960 to acce le ra te the economic develojiment 
of the north and nor th -eas te rn border areas by making than 
access ib le through Ihe development of a r t e r i a l r o s t e r , i t i s 
perhaps, the l a r g e s t s ingle departmental \xndertaking of i t s 
kind anywhere for construct ion of r o a d s . 
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The organisation has provided an a r t e r i a l netrwork 
of roads in d i f f i cu l t and inhospitable border areas , staled 
many heights and cut-new pathways to progress. BRO has 
s teadi ly increased i t s area of operations from eight 
states/union t e r r i t o r i e s in the early s ix t ies to seventeen 
a t present. In addition, i t has diversif ied i t s a c t i v i t i e s 
into related areas of construction, such as hydel projects, 
i r r iga t ion sbhemes, a i r f i e lds , coal - f ie lds , hospi ta ls and 
housing and res iden t ia l complexes. The Border Roads 
organisation has constructed the world's highest road from 
Manali em& Himachal Pradesh to Leh in Kashmir, 
Along with the length of roads, the number of 
vehicles has also increased considerably with time. The 
t o t a l number of motor vehicles on roads as on 31 March, 
1979 was 36,96 lakhs, about sixteen times higher than that 
of 1947, Most of the s ta tes and union t e r r i t o r i e s have 
nationalised passenger transport in varying degrees. In 
the country as a whole, 55,5 percent (estimated) busas 
were being run by the public sector undertakings as on 
31 March, 1979, However, goods transport continues to be 
almost exclusively in the private sector . 
t 8 X 
The history of organised industry in India may 
be traced to 1854 when the real beginning of the cotton 
mill industry was made in Bombay with predominantly 
Indian capital and enterprise. The foundations of Jute 
industry were laid near Calcutta in 1855, mostly with 
foreign capital and enterprise, Coa€ mining also progressed 
about this time. These were the only major industries 
which had developed substantially before the first World 
War, During and after World War I and II, a somewhat more 
liberal policy was adopted by the authorities,^as , as 
discriminating protection policy, which gave impeti»s to 
industrial development.Several industries rapidly expanded 
and a number of new industries came up, such as, steel, 
sugar, cement, glass, industrial chemical soap, vanaspati 
and some branches of engineering. But their production 
was neither adequate in quantity for meeting even the low 
level of internal demand fior diversified in character. 
After independence, ttie ambitious governments of 
India, paid considerable attention towards the industriali-
sation in order to achieve self economic reliance. As a 
result, the industrial production increased significantly 
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A century of i n d u s t r i a l development pales i n to ins igni f icance 
when compared with the rapid t n d u s t r i a l s t r i d e made during 
th ree decades of planned development I n d u s t r i a l production 
increased a t an average growth r a t e of about 5 percent per 
annum during the period 1970-78. While almost a l l groups 
of indus t r i e s contr ibuted t o t h i s inc rease , the gro th has 
been p a r t i c u l a r l y marked in the newer and more complex indus-
t r i e s , such a s , petroleum products , chemicals, and chemical 
products , metal products , e l e c t r o n i c s and other e l e c t r i c a l 
machinery, t r an spo r t equipment and power genera t ion . 
Side by s i d e , the d i f f e r e n t five year plan period 
saw the expansion and d i v e r s i f i c a t i o n of the i n d u s t r i a l 
structxire with the establ ishment of new \anits in the ex i s t ing 
f i e l d s as well as the s e t t i n g up of new toterpriees, As a 
r e s u l t , the nuirber of i n d u s t r i a l un i t s has increased s i g n i -
f i c a n t l y . In 1951, there were only two major xjnits producing 
i ron and s t e e l . There are now s i x major s t e e l p lan t s with 
a capaci ty of about 87 lakh tonnes , In the f i e l d of new 
i n d u s t r i e s , a g r i c u l t u r a l t r a c t o r s , e l e c t r o n i c s , and f e r t i l i z e r 
i n d u s t r i e s which p r a c t i c a l l y did not e x i s t in 1951, have prog-
ressed to such an ex ten t t h a t the import tof these products 
has been brought down to minimum. The drug indus t ry i s 
a l so developing f a s t . The t e x t i l e indus t ry i s no longer 
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confined to the cot ton and ju t e t e x t i l e s . The machine 
bu i ld ing , engineer ing and rubber Indus t r i e s are a l so 
growing f a s t . 
Although there has been an Impressive development 
of l a rge - sca le i n d u s t r i e s during the three decades of 
planned development, India s t i l l remains predominantly a 
country of v i l l a g e and small i n d u s t r i e s . About two crortt 
persons are engaged in these i n d u s t r i e s , of whom near ly 90 
lakhs work in the handloom i n d u s t r i e s . The small sca le and 
v i l l a g e indt i s t r ies sec tor covers a wide range of t r a d i t i o n a l 
and modem smalt sca le i n d u s t r i e s including handloom, khadi 
powerloom, s e r i c u l t u r e , c o i r , hand ic ra f t s , v i l l a g e indus t r i e s 
and mechanised small scale i n d u s t r i e s . 
Long before the I n d u s t r i a l revolu t ion in the West, 
Ind ia was known as the i n d u s t r i a l workshop of the world. 
Indian t e x t i l e s , c a l i coes , muslims and metalware were prized 
abroad, under the Br i t i sh r u l e , however, these f lour i sh ing 
i n d u s t r i e s suffered rapid decay, for they had tomake vorta 
for the mass produced B r i t i s h goods. 
I 1 1 I 
I t was a f t e r Independence t h a t ac t ion was i n i t i a t e d 
t o solve t h e i r age-old problems, such a s , lack of c r e d i t 
f a c i l i t i e s , outmoded methods and technique, absence of 
organised marketing, unsa t i s fac to ry arrangmenfts for the 
supply of raw mate r i a l s and competi t ion from large scale 
u n i t s . The union governittent se tup a number of agencies to 
he lp the v i l l a g e and small i n d u s t r i e s , d e programmes, such 
a s , i n d u s t r i a l e s t a t e s prpgramme, d i s t r i c t i n d u s t r i e s centres 
programmes, were laxinched by the government to f a c i l i t a t e 
the growth of small sca le i n d u s t r i e s by providing a l l the 
e s s e n t i a l i n f r a s t r u c t u r e f a c i l i t i e s . t h e r e s u l t s of these 
e f fo r t s can be seen by comparing the value of production 
in small sca le s ec to r between 1973_94 and 1979-80. Between 
t h i s period, the value of production in the small sca le 
s e c t o r increased from Rs,7,200 croees to Rs. 19,060 c r o r e s . 
No doubt, the progress in app rec i ab l e . 
An important feature of i n d u s t r i a l growth in the 
country a f t e r independence has been the rap id expansion of 
the public s e c t o r , i n 1951, the re <rere only f ive non-
departmental pxiblic undertakings with an investment of 
Rs.29 c r o r e s . On 31 March, 1979, they numbered 176 with 
an investment of Rs.15,602 c r o r e s . 
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Colunibus i s c red i t ed with the discovery of rvibber 
during Ms second voyage to America towards the end of 
the f i f t een th centi iry. He repor ted the exis tence of a 
gxnn which was used by the native^ of America as b a l l s for 
games. An English man iised the term "riibber" in 1770 when 
he found t h a t the substance could be used for removing 
penc i l marks. With the discovery of the process known 
as vu lcan isa t ion in 1836 by Goodyear, rucber came t o be 
commercially used. 
In Ind ia , rubber was f i r s t planted in Travancore 
and Malabar in around 1880. P l an t a t ion on a commercial 
sca le commenced in 1902, At p resen t , India ranks as the 
fifth,^ l a rges t natxiral rublwr producing country in the 
world, the f i r s t four are - Malaysia, Indonesia , Thailand 
and S r i Lanka, Kerala s t a t e accounts for about 92 percent 
of the t o t a l area under riibber. The growth of the rubber 
indus t ry has been phenomenal in the post-independence period 
and there are more than 2,000 l a r g e , meditim and small scale 
un i t s making rubber products of wide v a r i e t i e s , There are 
about 120 un i t s which are f a i r l y wel l organised. Synthet ic 
rubber i s produced by two un i t s having annual capac i ty 
of 30,000 and Q0,000 tonnes 
c o n , , / 
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r e s p e c t i v e l y . The annual turnover of industry i s 
est imated to be Rs,8,000 mi l l ion and the nxunber of 
persons employed i s over one l akh . Natural and syn the t i c 
riibbers are the bas ic raw matejlrials of the i n d u s t r y . 
Most of the raw n a t e r i a l s including raw rubber,Kh 
chemicals and rxibber products , machinery are ava i l ab le 
indigenously. Excepting some s j s ^ a l type of rubber 
products , which are s t i l l imported, most of the rubber items 
are made within the country . The major fatctors which a f fec t 
conSMinption of rubber include production of a l l kinds of 
typres and tubes and other rubber p|)oducts l ike s torage 
b a t t e r i e s , conveyor and t ransmission b e l t i n g s , rubber and 
rubber sole footwear, var ious types of hoses, railway and 
automobile f i t t i n g s , eboni te , waterproof f a b r i c s , con t race-
p t i v e s , e t c . In India the per c a p i t a , consximption of rubber 
i s very low with a f igure of 0.25 kg, whereas t h a t of the 
U.S.A. i s 12.6 kg. As regards expor t , the expor t earnings 
throuch rxjbber prod\icts are much increas ing year by year . 
Automobile ty res and tubes and rtobber footwear a re the two 
major rvbh&r products exported by the I n d i a . 
The rubber ty re and tube indus t ry (both automobile 
and cycle) i s a f a s t growing sec to r and c o n s t i t u t e s the 
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l a r g e s t sec tor of the r\ibber i n d u s t r y . In the l a s t 
two decades, i t s progress has been phenomenal. There 
has been an unprecedent growth in road t r anspor t and 
hence the demand for tyres and txibes. 
In the pre~l960 period, foreimgnowned firms 
l ike Dunlop and Fi res tdn dominated the tyre i ndus t ry . 
i 
Dunlop's r epu ta t ion was so v;ell es tab l i shed t h a t tyre 
consumers often re fe r red to ty res as Dvuilops. Dioniop's 
market power was fxirther increased by the f ac t t h a t 
Goodyear ty res marketed in India a t t h a t time were manu-
factured by Dunlop, In 1955, the Government of India 
authorised an enquiry in to the t y r e indust ry which had 
been earning annual p rof i t seq«a l to 50% re tu rn on investment. 
The enquiry r e p o r t s t rongly recommended ttiat Indian manu-
f ac tu r e r s be encotaraged to enter i n to tyre product ion . 
Therefore, during the period 19 60-7G, the manufacturing 
un i t s of cea t , Madras Rubber Factory, Incheck, premier 
and Goodyear were e s t ab l i shed . All of them had Indian 
sha re s . 
There were 8 es tab l i shed ty re manufacturing companies 
in India in 1973, with lo f a c t o r i e s , s i t ua t ed in var ious 
pa r t s of the country . At p resen t , there «ve more than 20 
ty re manufacturing companies in I n d i a , 
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Government has a lso entered in to the ty re indus t ry . 
Apex Tyres Limites (ATL) was prompted by the S t a t e 
Indus t r ia l ' 'Corpora t ion (SIIC) in December 1971 with the 
spec i f i c objec t ive of promoting the rapid i n d u s t r i a l 
development of Madhya Pradesh, Having es tab l i shed ATL, I t 
was decided to run t h i s ventxrre on commercial l i n e s . To 
curb the monopoly and concentra t ions of economic ,pbwer, to 
increase the i n d u s t r i a l i s a t i o n in backward r eg ions , to 
reduce the gap between demand and supply of automobile tyres 
and geographical d ispers ion of d i f f e r e n t new u n i t s were the 
cons idera t ions in the es tabl ishment of ATL by the govemn«nt, 
The Indian Government permits fore^in co l l abora t ion 
now in the f i e l d s of high p r i o r i t y and in areas where the 
import of foreign technology i s considered on meri ts of 
s \ ibs tan t ia l exports a re^tuarantWd by the prospect ive collab-
o ra t ing firm. Tyre and tube indus t ry has a l so taken the 
advimtage of t h i s f a c i l i t y . As s u f f i c i e n t t echn ica l know-
how for ty re production in not ava i l ab l e in Ind ia , most of 
the companies have gone in to fore igg co l l abo ra t i on . For 
example, Inchek Tyres Ltd. , Vikrant Tyre Ltd . , Mo<y. Rubber 
L td . , Ceat Tyres of Ind ia L td . , Dunlop India L td . , Goodyear 
India Ltd . , J.K. Indus t r i e s Pvt . L td . , Madras Rxibber Factory 
L td . , Premier Tyres Ltd . , e t c . , a l l these have fore igg 
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collaboration. 
Generally, Indian tyre companies manufactvire 
rayon and nylon tyres. The latter are stronger and 
more diirable because of xise of nylon chords, A new variety, 
called radial tyres for passenger cars in common in 
European countries but less common in India, However, 
some companies like Modi Rubber Ltd, have started the 
manufacturing of radial tyres. 
The demand for automobile tyres is directly related 
to the demand for vehicles. The Indian tyre industry 
produced over 500 types of tyres ibf meet the needs of trucks, 
buses« cars, jeeps, motorcycles, scooters, tractors, animal 
drawn vehicles (ADV), etc. The demand for tyres falls 
broadly into two categories! 
1, indigenous 
2, export 
The indigeneous market can be further divided in to 
(a) the replacement market demand, cons is t ing of s t a t e auid 
mxinicipal road t r a n s p o r t undertakings, ind iv idua l vehic le 
owners and defence, and (b) o r i g i n a l eqxiipment manufacturer 's 
demand (OEM) cons i s t i ng of veh i c l e manufact\irers (both 
p r iva te and s t a t e xinits) . About 20% of the market, by value 
went to OEM. 
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The replacement demand depends on the life of 
a tyre which varies from vehicle to vehicle. Based on 
the life of a tyre (usable kilometres) and subsequent 
retreadings, an average replacement demand factor was 
calculated by the Indian Rubber Association for each type 
of vehicle. For example, in the case of trucks i replace-
ment factor of 4 meant that in a year 4ty«»rs would be 
used by a truck. 
There are more than 20 original equipment manufac-
turers in India spread all over the country, prices of 
OEM were 15% to 25% less than the prices reigning in the 
replacement market. 
As for as international markets are concerned^ 
Indian tyres are popular in the international market* However, 
the prices of Indian Tyres are mach above^ jth^ i^ -^ the ruling interi 
national prices. Thus, jjrice is an ^ i^mportant factor in 
influencing sales in the export market. 
In short, according to the present indications «e^ ^  
agricultural and industrial development of the country, the/ 
tyre industry has good prospects of growth. 
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CHAPTER- 2 
FORECASTING 
F o r e c a s t i n g i s a n e c e s s a r y p a r t of every d e c i s i o n . 
The impetus f o r f o r e c a s t i n g comes from the n e c e s s i t y t o 
p l a n , and e q u i v a l e n t l y , the need f o r p l ann ing comes from 
t h e n e c e s s i t y t o work today on a c t i v i t i e s t h a t a r e i n t e n d e d 
t o meet fut \ i re demands. Nothing i s comple te ly s t a t i c . 
Changes i n natxire may be as g r a d u a l as wind e r 6 s i o n in t h e 
d e s e r t or as dxidden and c l i m a t i c as a t o r n a d o . S i m i l a r 
c o n d i t i o n s ouciir i n p r o d u c t i o n . Demand fo r a s t a b l e i tem 
may be e s s e n t i a l l y c o n s t a n t f o r yea r s^ whi le demand f o r a 
d i f f e r e n t i tem may d i sappea r b e f o r e i t l e a v e s t h e des ign l=Wv,i 
S e r v i c e s i n hicpi demand one year may be unwanted the n e x t , 
r e p l a c e d by a sough t a f t e r s e r v i c e no one dreamed of the 
y e a r b e f o r e . 
Any p roduc t i on p lanner would be e c s t a t i c t o pos se s s 
p e r f e c t i n fo rma t ion about the f u t u r e , b u t no one can g e t 
i t . Many methods have been t r i d and new approaches a r e 
b e i n g deve loped . The search c o n t i n u e s because t h e e f f i c i e n t 
use of r e s o u r c e s depends so much on a l l o c a t i o n and s chedu l ing 
t o meet coming c o n d i t i o n s . Most f o r e c a s t s a r e d i r e c t e d a t 
e s t i m a t i n g fuAu*re demand o r s a l e s , s i n c e the futxare i s 
u n c e r t a i n , no f o r e c a s t can be c e n t p e r c e n t c o r r e c t . Thus, 
t h e r e i s a paradox in f o r e c a s t i n g i eve ry firm needs s a l e s 
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forecasts or production forecasts but none can do i t 
accxirately. Nevertheless, every firm aims to obtain 
as precise a forecast as possible. 
Early in th is century, few formal measures 
were made to predict future business conditions, 
production level were set by managers to correspond to 
the i r estimates of demand. Men were hired and supplies 
accumulated a t a ra te geared to the optimism o4 depart-
ment foreman. Few companies formulated a co-ordinated 
product deTiand policy. 
Prior to World War I I , industries s ta r ted to 
recognize that an integrated production system was 
necessary. Forecasts are a co-ordinating link in produc-
tion planning. Dist inct groups were established to prepare 
required pi^edictions. The age of market sixrveys and product 
questionnaires began, and frequently with i t came a credi-
b i l i t y gap that fostered subsequent disillusionment. An 
old belief that sufficient expenditures^could byy a re l iable 
window into the future caused some impressive f iascos . 
Formal forecasting programmes often because »uspect. 
Today the pendulum of forecasting, acceptance 
appears to be r i s ing again, bulnot a t the fer tent pitch 
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p r e v i o u s l y e x p e r i e n c e d . The compl i ca t ed i n t e r r e l a t i o n s j i p s 
of t o d a y ' s economy make f o r e c a s t s a v i t a l s t e p i n o p e r a t i o n a l 
p l a n n i n g . I t i s f u r t h e r r ecogn ized t h a t the b e s t f o r e c a s t s 
w i l l be made by people wi th s p e c i a l t r a i n i n g , b u t even 
q u a l i f i e d s p e c i a l i s t s w i l l make e r r o r s . This r a t i o n a l 
approach pe rmi t s c e n t r a l f o r e c a s t s t o guide d e p a r t m e n t a l 
p i t a n i n g wi th enough f l e x i b i l i t y t o compenstate fo r p r e d i c t i o n 
d e v i a t i o n s . 
METHODS OF FOK£CASTING: 
Since f o r e c a s t s p l ay an i m p o r t a n t r o l e in d e c i s i o n 
making, i t i s c r u c i a l t o use the b e s t a v a i l a b l e t e c h n i q u e 
t o minimise f o r e c a s t i n a c c u r a c y . However^ t h e r e i s no 
unique metliod whicii alv/ays g u a r a n t ^ e s , the b S s t r e s u l t . 
Fu r the rmore , t h e cho ice of a m e t h o d ^ s o f t en d i c t a t e d by 
d a t a a v a i l a b i l i t y and by t h e i irgency wi th which f o r e c a s t s 
a r e needed. T h e r e f o r e , i t i s i m p o r t a n t to g e t a c q u a i n t e d 
w i th t h e whole range of t e c h n i q u e of f o r e c a s t i n g . The v a r i o u s 
f o r e c a s t i n g methods a r e given i n the form of a t r e e on the 
n e x t page . There a r e t h r e e major methods of f o i r e c a s t i n g , 
(1) p r e d i c t i v e or judgmenta l methods 
(2) t ime s e r i e s methods 
(3) c a u s a l Methods 
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Methods of Forecasting 
1 
(1) predictive Methods (2) Time Series (3) Causal Methods 
methods 
(1) Consumer Opinions (1) Naive model (1) Regression Model 
fo recas t s 
( i i ) D i s t r i b u t o r s\irveys (ii)Movlng average (11)Exponential Model 
method 
(lii)Executive opinions (iii)Exponential (ill)Econometric Model 
Method 
a (iv)Marketing Tri^ils ( iv)Exponent ial ( iv ) Inpu t -ou tpu t 
smoothing model 
(v) Delphi (v) S t a t i s t i c a l (v) Barometric 
Trend ana lys is Forecast ing 
(vi) Box-Jenkins 
(v i i ) X-11 
(1) p red ic t ive Methods of Forecast ingi 
Some element of judgement i s , of course , involved 
in a l l methods of fo recas t ing , A method i s c4*ss i f ied as 
judgements or p r e d i c t i v e , however, when the fo recas t inc 
procedure used can not be deacribed well enough to allow 
more than one forecas te r to use i t and a r r ive a t substan-
t i a l l y the same r e s u l t . P red ic t ive methods are q u a l i t a t i v e 
in nature and genera l ly apply tojo.e^ product in t roduct ions 
where we have no h i s t o r i c a l r e c o r d s . The methods usual ly 
apply for longrrange p r e d i c t i o n s . There are f ive most 
corranon p red ic t ive methods as shown in the t r e e . A b r i e f 
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description of each method, its applications and costs 
are provided in Table-1, 
TABLE ~1 
PREDICTIVE METHODS OF FORECASTING 
s s s 3 a s a s i s a a s a 3 S S s a * s a 3 a a a a = : 3 s s a u a s s a 3 a s a > s s a s s a a 3 a s s s = s s s s s s s : s : = s 3 = i s 3 a = : s = s x = s = s 
Methods Descr ipt ion Applicat ion Cost 
Consxuner 
Opinions 
Opinion of consumers 
i s taken through 
ques t ionna i r e ; the 
answers of each que-
Long range p r ed i c - High 
t i o n s , new products 
and products deve-
lopment, market s t r a -
t e g i e s , p r i c ing and s t i o n n a i r e are summa-
r i zed and made ava i l ab le j fac i l i ty Planning, 
to the top management in 
arswering or solving the 
problem a t hand. 
Generally 1-2 years Medium 
rep re sen t a t i ve s are period p r e d i c t i o n s , 
e 
Distributor Retai lers and sales 
surveys 
asked to make estimates Genrally in order to 
of sales. Since, the know the market posi-
sales front is where the tion of the product, 
action is, there opinions 
have considerable weight. 
Executive 
Opinions 
A panel of company Annual and long range Low 
executives make indivi- sales forecasts of 
dual forecasts, from existing and new 
which a concensus Is products; forecasts 
reached through discuss-of margins. 
ion.Social factors may y 
play an important role in 
the weighting of indivi-
dual forecasts in the 
concensus reached, ^ . 
cont,.,,/ 
I 23 t 
Method Description Applications Cost 
:==ss3sas3=ss= 
Marketing New product and 
a 
Trails New product is exposed product developT High 
to a very limited market ment planning, 
trails Marktar area and 
method of presentation 
are carefully selected 
and controlled, 
Delphi Expert panel answers a ^o^g rage predic- Medium 
series of questionnaire; tions, ne«< products ^ 
the answers of each and product develop-
questionnaire are summari- ment, market 
zed and made available to strategries, pricing 
the panel to aid them in and facility planning. 
answering the next question-
naixe. 
(i) Consumer Opinionst 
The most direct approach to forecasting is to 
ask the consximers themselves about their future consumption 
plans. Consumer opinions are objective compared to a 
producer's opinion, but they may change from day to day, 
Hhat he intends or hopes to do and what he actually does 
may be two entirely different things. The relatively expensive 
process of determining consximer opinions can be reduced by 
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designing the survey to col lect other useful information 
such as the effect of promotional compaigns, 
( i i ) Distributor Surveys 
One of the oldest methods of sales forecasting 
i s to ask r e t a i l e r s or sales« representatives to estimate 
s a l e s . Retailers may be more objective tmn salesmen, but 
they are less lllkely to devote the time necessary for 
conscientites estimates. 
This technique is widely used, especial ly by 
manufacturers of industr ia l products, i t has the vi r tures 
of being re la t ive ly acciirate over the short term (the nexjt 
one or two quar te r s ) , Many companies re ly heavily on Judg-
ments made by their sales personnel. The sales front i s 
where the action i s . Salesmen and re ta i l e r s can spot buying 
trends and competitor ac t iv i ty . 
However, there are problems in using th i s 
method. One of them i s in motivating the sales force to do 
a conscientious Job in forecasting customer's requirements, 
t*ther than to look on the ent i re procedure as being only 
more "paper-work from the home off ice. Another problem is to 
t 25 I 
adjust the estimates made for any consistent optimistic 
or pessimistic biases they may display. In addition to 
individual biases, at times the entire sales face may 
tend to over- or underpredict sales. An opposite bias 
may be introduced when a product is expected to be in short 
sxjpply during the forecast period; the sales representa-
tives may believe that their customers will get larger 
allocations if they forecast them as having greater requi-
rements than they are actually expected to have. 
Allowance for such biases must be made if 
they exist. This requires a continuing comparison of each 
retailer and representative's estimates with the actual 
sales made for each period. There is little doubt that 
the sales force is an acceptable source of estimates, and 
there is great doubt that it should be the sole source. 
(iii) Executive opinions 
The executive-manager-supervisor level is 
closer to corporate policy than the sales force and, 
corresponding, is further from the consumer outlook. In 
common with the sales force, executive opinions may be 
colored by personal prejudices. Opinions are secured 
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individually or from committsees and, hopefully, bias 
and errors are cancelled by compensating views. This 
divergence in view-points, backgrounds, and in te res t s 
usually provides of good cross-section of estimates, but 
potent ial ly conflict ing forecasts may be d i f f i cu l t to 
reconcile to a concens«es opinion. Concensus executive 
forecasting is widely used. I t can be obtained quickly 
and with l i t t l e extra expense, what i s \iEually lacking 
is the recognition of economic fac tors , 
a (iv) Marketing Trails 
Development and introduction of a new product 
presents special problems. If the new product i s a 
replacement or modification of an existing tiine, ciata and 
opinions applicable to the old product will l ikely be 
useful in ant icipat ing the reception of the new version. 
When the product i s radical ly different , new data must be 
generated. 
In addition to the forecasting methods already 
discussed, it may be helpful to expose the new product to 
a very limited market trail, A trail takes on the natxare 
of a controlled experiment where the market area and method 
of presentation are carefully selected and controlled. In 
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any experiment, there i s a danger of s e l ec t ing the wrong 
v a r i a b l e s , improper handling, and lack of c o n t r o l . Cost 
of overccMning these condit ions i s often enormous and 
consequently l i m i t s the esitent and scope of marketing 
t r a i l s . 
(v) Delphi 
Technological forecasting is a term used t^  
describe the longest term predictions. The Delphi technique 
is often used as a vehicle, the objective being to prot)e 
into the future in the hope of anticipating new products 
and processes in today's rapidly changing culture and 
economy. In the shortest range of such predictions, this 
technique also can be used to estimate market sizes and 
timming. 
The Delphi technique draws on a panel of 
experts in order to eliminate the possible dominance of 
the |Dost prestigioxis, the most verbal, the best sales 
people etc. The intention is to use expert opinion in the 
form of a concensus, rather than a compromise. The result 
is pooled Judgement; the range of expert opinion and the 
reasons ^ for differences of opinion are shown. The Delphi 
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technique f i r s t was developed by the KAI^ D Corporation 
to achieve these kinds of r e s u l t s , i n conparision with 
conferences and panels , where the ind iv idua ls a r e ^ d i r e c t 
communication, t h i s technique ^iminates the unders i rable 
e f f ec t s of groups i n t e r a c t i o n . 
The panel of exper t s can be constructed in 
var ious ways.©ften, i t includes indiv iduals both inside and 
ou t i ide the o rgan i sa t i on . Each panel xneinber may be an 
exper t on some aspec t of the problem, but often no one i s 
exper t on the e n t i r e problem. In genera l , the procedxire 
involves the fol lowing. 
(a) Each exper t in the group makes independent pred ic t ions 
in the form of b r i e f s t a t ements . 
(b) A coordinator ed i t s and c l a r i f i e s these s t a t ements , 
(c) TJie coordinator provides a s e r i e s of wr i t t en questions 
to the exper t , which combine the feedback supplied 
by the o ther expe r t s , 
(2) Time Series Methods of Forecast ing 
Time s e r i e s forecas t ing models aBe based on 
pro jec t ions or ex t rapo la t ions from time se r ies data t h a t 
have been processed by s t a t i s t i c a l methods, A time s e r i e s 
i s a s e t of observat ions on a v a r i a b l e , such as s a l e s . 
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production e t c . , such t h a t the observat ions are arranged 
in r e l a t i o n to Alme. Time s e r i e s Methods of forecas t ing 
en quan t i t a t i ve in na tu re . Forecas t ing using time s e r i e s 
ana lys i s i s based on the assumption t h a t p a t t e r n s observed 
in the changes in l eve l s of p a s t per iod•s sa les can be used 
t o p red ic t sa les in future pe r iods , A time s e r i e s i s 
usua l ly considered to be comparised ^jr four separa te types 
of movements or v a r i a t i o n s t rend , cyc le , seasonal , and 
random v a r i a t i o n s . 
Trend i s the ba s i c , long term underlaying [jattern of 
growth, s t a b i l i t y , or dec l ine in the s e r i e s . The leve l of 
sa les of most companies shows considerably g rea te r f luc tua -
t ions over t ime . Sales r i s e and f a l l depending upon the 
general s t a t e of bus iness , the l eve l of demand for the 
product the company produces, the a c t i v i t i e s of compet i tors , 
and other fac tors^ When a f luc tua t ion i s of more than a 
y e a r ' s dviration, i t i s said to be a cyc l i ca l v a r i a t i o n . 
These v a r i a t i o n s usua l ly do not occur on a eee«£ en a 
regu la r bas i s and predic t ing t h e i r occvirrence, or even 
i s o l a t i n g t h e i r p a s t e f f ec t s , i|4 thus d i f f 1 cu l t . Seas^na 1 
var ia t ion/ .are r egu l a r , r ecur r ing f luc tua t ions with a 
dura t ion of one year or l e s s . Innumerable products are 
in demand only a port ion of each year . For example s a l e s 
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of children's shows tend to increase mark©<aiy prior to 
the s t a r t of the school year. Woolen cloths\ are pxirchased 
only in winter season, e t c . The f inal group of forces 
affecting time series data iA random var ia t ion. Random 
var ia t ion, sometimes called wtatdwnttirit residual variat ion 
or a t a t i s t l c a l noise, i s the effect of such un explained 
( s t a t i s t i ca l l y ) occureences as unaaaal weather, s t r i kes , 
nonrecurring po l i t i ca l events, and so forth. I t i s that 
par t of the time ser ies data tha t can not be explained as 
trend, cycle or seasonal var ia t ion . 
A number of forecasting methods are in use that 
consist of formal, exp l ic i t models for analyzing time series 
data and forecasting by projecting on the basis of an 
identif ied or assiimed pattern. These methods vary in 
complexity from those that involve only some simple form 
of trend projection up through sophisticated, computerized 
models in which trend, cycl ical , and seasonal variat ions are 
analyzed and projected. As shown ear l ie r in the t r e e , there 
are seven formal approaches of making extrapolative forecasts 
from time series data» Sxjmmary comments on each of these 
methods are given in table-2. 
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( i ) Naive Model Foreca«f 
Na'lve model forecasts are characterized by 
rel iance on the l a s t period's sa l e s or production as a 
forecast o£ the next period's s a l e s or production. The 
simplest possible model i s "next period's sales w i l l be 
the same as the present period's s a l e s " . This model 
provides accurate sa l e s forecasts only to the extent 
that the trend in sa les i s "flat" rather than increasing 
or decreasing and when randan, c y c l i c a l , and seasonal e f fec t s 
are negligible« 
A similar but somewhat more sophisticated 
model i s "next period's sa les w i l l be equal to l a s t period's 
• a l e s adjusted for the change from the sales for the priod 
before that". One approach to the adjustment i s to add 
or subtract the difference between the l a s t two period's 
sa les to present period sa les , or ^It+l " '^+(Yt - t^%-l) • 
where 
\^ « sales or productidn or any other variable 
of the cxjrrent year or month. 
^^^l • forecasted value of the desired variable 
for the next year or month. 
N^^ » the sales or production of the previous year 
or month. 
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t « Indicates the ciirrent year or current 
month. 
As long as the trend In sales cons i s t s of 
a re la t ive ly fixed amoxint of increase or decrease each 
period, and any cyc l ica l or seasonal e f fec t s are n e g l i -
g ib le , this model w i l l work w i l l , 
( i i ) Moving Average 
A'^average forecast i s obtained by sijunming the 
data points over a desired ntiniber of paxSt periods. This 
niimber iisually encompasses 1 year in order to smooth out 
seasonal var ia t ions . The smoothing resul t s because high 
and low values during a year tend to be cancelled out. 
Extending the moving average to include nore periods increases 
the smoothing e f f e c t but decreases the s e n s i t i v i t y of 
tffirecasts to more recent data. 
A moving average i s distinguished from a simple 
average by the requirement for consecutive calculkl:J.ons., each 
average imsves forward in time to include a more recent 
observation while dropping the o ldes t point, A moving 
average calculated for a number of the most recent data 
observations i s seldom a good forecast for the next period 
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TaVBI£ - 2 
T I I ^ SERIES METHOD OF FORECASTING 
B a i ^ ^ a a M B s a a B M a i a s a s a s s a s s s a i s a s s a a s a s H a i a s a i ^ s x a a i a a : 
Description Applications 
BasiaaiBaaaKassaBasatatJBBaa^AsssaBsasa^sJss^asaiaBaaaaiaiaa 
Cost 
l a a a a a a a a a s a a 
Naive 
Model 
Forecasts are made us ing a A standard for 
d e l i b e r a t e l y naive model suchJ^^ing accuracy of 
as -next period s a l e s w i l l b e ° ^ * ^ technique , 
the same as t h i s period sale8«*^°^* ^^"» f o r e c a s t s 
or the next period s a l e s w i l l 
be the same as t h i s period s a -
l e s adjusted for the change 
from l a s t period s a l e s . 
Very 
lo«r 
Moving The f o r e c a s t c o n s i s t s of an Inventory contro l for Low 
Average average of the s a l e s or pro- standard i t ems; short 
duct ion for the l a s t X period^ term f o r e c a s t . 
where X i s chosen s o t h a t the 
e f f e c t s of seasonal f a c t o r s 
on s a l e s i s e l iminated 
Exponen- uses a smooth «\arve t o deter-Inventory contro l Low 
t i a l mine the underlying pat tern for standard i tems; 
of growth, s t a b i l i t y or short term f o r e c a s t , 
d e c l i n e in the data . The curve 
i s represented by the equation 
V" ab'^, which i n d i c a t e s t h a t 
Ychange^at the constant rate b each 
per iod , / 
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Method 
Exponen-
t i a l 
smooth-
ing 
i ^ s a a i B a s a > s s s * = a m a s a e a a s a i a B s a « B a s s a a i a s t a i a a S B a s s B a t a a 3 s s a s 3 i S K S i 
D e s c r i p t i o n Appl icat ion Cost 
B S z 3 S a E S s a a a B a M S 9 B ) B a m a i s : a a 3 S S 3 s a a i i i a a s > i a B a ' a s s a s a s s s a a i a B a s 3 a s x 3 s a s B : 
Similar t o a moving average Inventory contro l Low 
except t h a t the more r e c e n t for standard items 
period s a l e s or production short term f o r e c a s t s . 
have a grea ter weight . 
S t a t i s t i - uses regres s ion a n a l y s i s to Inventory cantro l Low 
c a l determine the \uider l y i n g for standard items J 
Trend pat tern of growth, s t a b i l i t y short term f o r e c a s t . 
Analys i s or d e c l i n e in the d a t a . 
Box-
Jenkins 
X-11 
A techniqvje for selecting 
the opitmal model in 
terms of "fit" to the time 
series. 
A technique for breaking 
a time series into season-
al, cyclical, trend, and 
random components 
Bes«ea«%iH9 sales Medium 
Inventory control, 
forcasts of funds 
flows; short term 
forecasts. 
Forecasting sales 
or production Medixun 
•suasaaaaias:3araaaaaai : 
unless the data pattern is relatively constant. A seasonal 
index referenced to the moving average improves the forecast. 
An index value is calculated by dividing the actual 
demand by the centered moving average for that period, A 
more reliable index is obtained by averaging several ind«»« 
values for common time priods. The forecast is thereby the 
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product of the most recent centered moving average for 
a period and the index value for that period. 
( i i i ) Exponential 
Ekometiroes a snvooth curve provides a better f i t 
for data points than does a s traight l i n e . A smooth 
•urve iinplies a \iniform i)ercentage^or decay instead of 
the constant increment or decrearaent exemplified by a 
s tra ight l i n e . The equation for a curve may take the 
exponential form, "Y» ab^, which indicates that^i^changes 
at the constant rate b each period. We can determine the 
values for a and b by the l eas t squares method i f we 
convert the exponential equation to i t s logrithmic form; 
log log a + X log b 
The logarithmic version plots as a straight l ine 
on semi logarithmic paper; tlie > ' s c l a e i s logarithmic and the x 
scAie i s arithmetic. This property allows \XB to s e t up 
normal eq\iations in the form given belowt 
E ( l o g Y ) • N (log a) + CX (log b) 
n ( x HogY) - r x ( log a) +z:x^ (log b) 
By solving the above two equations simultane-
ous ly . 
and 
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l o g b - N i : ( X l o q V ) - r X E I l o q Y 
N Z: X^ - ( I Z X) "^  
log a - ^^^^^^"^ - X(log b) 
The exponential equation i s established by 
taking the antilogarithms of a and b , 
(iv) Exponential Smoothingt 
Exponential smoothing i s a technique for obtaining 
a weighted moving average such that the more recent the 
observation the heavier i s the weight assigned. The logic 
of such a weighting pattern in forecasting i s t?hat the 
more recent period 's data are more l ikely to be bet ter 
predictors of next period's sale or production than are 
those for ea r l i e r periods, in i t s simplest form, the expo-
nent ia l smoothing forecasting equation i t s . 
N^.- = forecast value for the next period 
C^55 the weight for the present period actual 
sa les . 
"^t = present period sales 
Vt « present period smoothed sa les . 
where 
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The I n i t i a l leve l of smoothed sales ( ^Y^) can 
be an average of sa les for the l a s t few per iods . After 
the f i r s t exponent ia l ly smoothed fo recas t i s made, the 
presen t period smoothed sa les are then iised for ^(1* 
(v) S t a t i s t i c a l Trend Analysis 
S t a t i s t i c a l trend a n a l y s i s involves a determination 
of the underlying t rend or p a t t e r n of growth, s t a b i l i t y or 
dec l ine in the s e r i e s , A regress ion a n a l y s i s , i s run using 
time as one va r i ab l e and the v a r i a b l e to be f o r e c a s t as the 
o t h e r . 
Whenever the p lo t ted data points appear to follow 
a s t ra igi t l i n e , we can use the l e a s t squares method to 
determine the l ine of bes t f i t . This ftine i s the one t h a t comes 
the c l o s e s t to touching a l l the da ta p o i n t s . Another way of 
saying the same th ing i s t h a t the des i red ftire minimizes the 
d i f ferences between the l ine and each data p o i n t . This l a t t e r 
explanat ion gives r i s e t o the o r i g i n of the name for the 
l e a s t Squares method; i t gives the equation of the l ine for 
which the sum of the squares of the v e r t i c a l d i s tances 
between ac tua l va lues and l ine values i s a t a minimurji, 
A s t r a i g t l ine i s defined by the equation Y=«a+b X. 
For a time s e r i e s a n a l y s i s , V i s a forecasted value a t a point 
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in time, X, measured in increments such as year from a 
base po in t . Our object ive i s to determine a, the va lue 
of V a t the base poin t , and b , the slope of the l i n e . 
Two equations are employed to determine a and 
b . The f i r s t i s obtained by mul t ip ly ing the s t r a i g h t l ine 
equation by the coe f f i c i en t of a and then summing the 
terms. With the coe f f i c i en t of a equal to 1 and N aad the 
nvimber of da ta points the equat ion becomes, 
r:v= Na + b 5:: X 
The second equation is developed in a similar 
manner. The coefficient of b is x. After multiplying each 
term by X and sum ing all the terms, we have. 
i:xY= a^i^x +br:;x^ 
The two equations thus obtained are called normal 
equations. By solving the two equations, simultaneously. 
and 
a = "V - b X 
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By subs l tu t ing the ca l cu la t ed values of a 
and b' ' the s t r a i g h t - l i n e equation, we obtain the forecas t ing 
formula or r egress ion equat ion, 
(vi) Box-Jfenkins t 
The Box-Jenkins method i s a mathematical technique 
t h a t enables the computer to s e l e c t the s t a t i s t i c a l model 
of the time a e r i e s t h a t gives the b e s t f i t . I f the assump-
t ion of s t a b i l i t y of the process generat ing the time s e r i e s 
i s a reasonably c o r r e c t one, t h i s model w i l l a l so provide 
the b e s t f o r e c a s t . Using the method the computer " t r i e s " , 
as i t were, -wcccvc models, moving averages of var ious 
numbers of pe r iods , exponential smoothing over a range of 
smoothing c o n s t a n t s , and various t r ends , trend and cycle 
and trend-cycle-rand-seasonal models t o determine which one 
most c lose ly f i t s the d a t a . I t s accuracy i s , t he r e fo re , 
equal to the b e s t of the fo recas t ing models from which i t 
s e l e c t s . 
(v i i ) X-11 
X-11 technique provides infowration on seasonals 
trends, and cycles and measures of how closely khey fit the 
data. It also provides a measure of grov/th rate that canbe 
used to help identify turning points. 
t 40 t 
(3) CAUSAL METHODS OF FORECAST IN Gi 
A c a u s a l method of s a l e s f o r e c a s t i n g i n v o l v e s 
the development and use of a f o r e c a s t i n g model i n wh±*h 
changes in t h e l e v e l of s a l e s o r p roduc t ion a r e t h e 
r e s u l t of changes i n one or more o t h e r v a r i a b l e s . Causa l 
methods of f o r e c a s t i n g r e q u i r e t h e i d e n t i f i c a t i o n of 
c a u s a l ( p r e d i c t o r ) v a r i a b l e s , measuring or e s t i m a t i n g t h e 
change i n them, and e s t a b l i s h i n g t h e f u n c t i o n a l r e l a t i o n -
s h i p between them and s a l e s o r p r o d u c t i o n . As shown 
e a r l i e r i n the t r e e , t h e r e a r e f i v e c a u s a l methods of 
f o r e c a s t i n g . These methods a r e each d i s c u s s e d , and a 
b r i e f d e s c r i p t i o n of them i s g i v e n in t a b l e - 3 , , j 
(1) Regress ion Model 
A r e g r e s s i o n model i s perhaps the most wide ly 
used caxis3«l model fo r making f o r e c a s t s . A c a u s a l r e g r e s s i o n 
model i s an equgition r e l a t i n g s a l e s o r p roduc t i on t o 
p r e d i c t o r v a r i a b l e s such as d i s p o s a b l e income, p r i c e r e l a t i v e 
t o ccxnpet i t ive p r o d u c t s , l e v e l of adir^^rt is ing, and o t h e r s 
The most impor t an t t h i n g i n t h i s model i s the s e l e c t i o n 
of p r e d i c t o r v a r i a b l e s t h a t a r e b e l i e v e d t o be major d e t e r -
minants of s a l e s o r p r o d u c t i o n , i f on ly one p r e d i c t o r 
v a r i a b l e i s t h e r e , then the r e g r e s s i o n e q u a t i o n i s developed 
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easily. The procedure for obtaining the values of a 
and b is same as in the case of time series analysis. 
The only differece is that here X shows predictor 
variable instead of time. Once, the values of a and b 
are calculated, the regression equation can be developed 
simply by putting these values into the straight line 
TABI£ ~3 
CAUSAL METHODS OF FORECASTIMG 
Methods Description Application Ck3St 
S a 3 = : s s 3 = : s s a s i s s t s = a s 3 a a 3 = 3 3 3 x a s s 3 > s : a i 3 s a s s s i s 3 3 s = : = : s 3 s = s = = : s s s = : s : = i r = = = s = a = : 
R e g r e s s -
i o n 
Model 
A l i n e a r e q u a t i o n r e l a -
t i n g s a l e s o r p r o d u c t i o n 
t o p r e d i c t o r v a r i a b l e s 
i s d e r i v e d , 
S h o r t term f o r e - Medium 
c a s t s of s a l e s 
and p r o d u c t i o n 
E x p o n e n - u s e s a smooth c u r v e t o 
t i a l d e t e r m i n e t h e u n d e r l y i n g 
Model p a t t e r n of r e l a t i o n s l ^ i p 
b e t w e e n t h e s a l e s o r 
p r o d u c t i o n t o p r e d i c t o r 
v a r i a b l e s . 
S h o r t t e r m 
f o r e c a s t s 
Medixira 
E c o n o m e t r - A s y s t e m of i n t e r e l a t e d S h o r t t e r m a s High 
i c r e g r e s s i o n e q u a t i o n s u s e d w e l l a s l o n g t e r m 
Model t o f o r e c a s t f o r e c a s t s . 
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Model D e s c r i p t i o n A p p l i c a t i o n Cost 
a i a B s a a B s s a a s ^ u s a s s s s a a 3 s s a s 3 s a s s 3 i s a a a s r i s a s s s a a : s = = 3 s s s 3 3 3 = = : = = = : 3 a i = = s = t s : 
I n p u t - A method employing d a t a 
Outpu t on t h e flow of goods 
Model between i n d u s t r i e s i n 
t h e economy; Useful o n l y 
for f o r e c a s t of s a l e s of 
i n d u s t r i a l p roduc ts and 
s e r v i c e s , 
Baromet- A t ime s e r i e s whose move-
r i c ments preceede thfese of 
F o r e - the s e r i e s t o be p r e d i c -
c a s t i n g t e d . 
F o r e c a s t s of Medium 
i n d u s t r i a l p r o -
d u c t lisie s a l e s 
by us ing i n d u s t r y . 
S h o r t term as we l l Medium 
as long t e rm f o r e -
c a s t s . 
a a a a a a a s s 
equat ion,Y=a+b X, But i f t h e r e a r e more t han one p r e d i c t o r 
v a r i a b l e , then r e c e s s i o n e q u a t i o n i s de r i ved by us ing m u l t i p l e 
r e g r e s s i o n a n a l y s e s . 
( i i ) Exponen t i a l Model 
When a smooth curve p r o v i d e s a b e t t e r f i t for 
d a t a points '^does a s t r a i g h t l i n e , t h e use of t h i s model 
becomes more a p p r o p r i a t e . "^ he p rocedure i s s i a l a r t o the 
e x p o n e n t i a l model of t ime s e r i e s a n a l y s i s . The v a l u e of a 
and b a re o b t a i n e d in the same manner as in the ca se of 
e x p o n e n t i a l model of time s e r i e s a n a l y s i s . The only d i f f e -
r e n c e i s t h a t h e r e X shows p r e d i c t o r v a r i a b l e o t h e r than 
t i m e . 
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< l i i ) Econometric Models 
Econometric models for fo recas t ing a t the 
o v e r a l l economy l eve l were f i r s t developed in the l a t e 
1950.4 In s imples t terms, econometric fo recas t ing methods 
are an extension of regress ionana lys i s to include a 
System of simultaneous regress ion equa t ions . If , for 
example, we attempted t o dAclude the e f f e c t of p r i ce and 
adver t i s ing in oiir regress ion equa t ions , then we would see 
the p o s s i b i l i t y of an interdependence; oxor own s a l e s could 
a f f e c t these f a c t o r s , as well as v ice ve r s a . 
To da t e , econometric models have been used la rge ly 
in connection with r e l a t i v e l y mature products for which a 
considerable h i s t o r i c a l record i s a v a i l a t ^ e , and in industry 
and broad economic f o r e c a s t s , . / 
(iv) Barometric Forecastlnq-Leadinq Ind ica to r s 
A baby food manufacturer has formd t h a t the 
number of b i r t h s in each s t a t e for the past three years , 
lagged by s ix months, i s a good leading i nd i ca to r of nonmilk 
baby f6od sa les^ The marketing research department of a 
manufactiirer of i n d u s t r i a l packaging mater ia l s has fovind t h a t 
changes in the Federal Reserve Board Index of I n d u s t r i a l 
Production tend t o lead change in Company sa les by about 
three months, 
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These are examples for which one would 
u. 
int*ritively expect lead-lag relationship to exist 
between the indicator and company sales. The company 
that hael products with such dependent relationship on 
variables whose changes precede changes in the firm's/ C 
can make profitable use of leading indicators as a fore-
casting technique. 
Most companies are not in this fortunate 
position. As a consequence, leading indicators have been 
used more widely in foreeasting changes in overall business 
conditions than for directly forecasting sales for individual 
companies. The level of sales of most companies is atleast 
partially dependent on general business conditions, in those 
cases, some forecast of the overall level of economic 
activity is necessary before a company sales forecast 
can bemade. 
The use of individual leading indicators presents 
two problems to the forecaster. The first arises from mixed 
signals. The direction of movement signaled (that is, an 
indication that the economy is rising or falling) by each 
of a group of indicators is rarely the same for all indicators, 
In such a case it is difficult to know which direction to 
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accept as the correct one. The second problem i s one 
of false s igna ls . Most leading indicators have a reason-
ably good record of predicating txirning points tha t ac-
tual ly occur t The problem is tha t they also predict 
turning points t ha t do not occur. 
(v) Input-Output Models 
Every coirpany keeps a ledger in some forms or 
another in which sales to other cmpanies are recorded. 
I f the sales ledgers of a l l companies for a year were 
collected, the sales data classif ied by the industries 
of the sel ler and the buyer, and to t a l sales from each 
sel l ing industry to each buying industry determined, an-
inter industry sales ledger would r e s u l t . This has been 
done (although not d i rec t ly by th is method)for some 370 
industries in the United States , The resul t is knov/n 
as input-output table , which i s a 370 x 370 matrix tha t 
shows sales from each Industiry to i t s e l f and to each of 
the other indus t r ies . The table in which the data jippear 
in th i s form is called a transactions tab le . 
The application of the input-output tables for 
forecasting has been more a t the overall economy than a t 
the individual firm level . These tables are par t icu lar ly 
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useful in evaluating the effects of a demand change in 
one industry on other indust r ies . Forecasting a t the 
individual firm level using input-output tables i s possible 
and done by some companies, i t i s limited to forecasts 
for industr ia l products and, as a pract ical matter, to 
f a i r ly broad groupings of products. 
Changes in technology, governmental requirements, 
product mix and the re la t ive prices of sijbstitutable 
materials or components can cause re la t ive ly rapid changes 
in interindustry sales for some indus t r ies . Another 
problem is the level of aggregation. Most of the companies 
using the tables have found that the industry designations 
are too broad to be useful. This, in turn, has forced 
them to develop additional data a t the i r own expense. For 
these and other reasons, input-output analysis has been 
used sparingly for forecasting and planning purposes. When 
i t has baen used, the using companies have almost invariably 
been large ones. 
The Choice of Forecasting Model 
More than a dozen different forecasting methods 
have been presented in th i s chapter, and var ia t ions of most 
of them exis t tha t have not been discussed. Because such 
a var ie ty of methods ex is t s , the question may legitimately 
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be raised, "How does one go about selecting a forecasting 
method". 
In selecting a method in a specific fore-
casting s i tua t ion , one should f i r s t compare the require-
ments of the forecast with the eapabi l i t ies of the method. 
In general, the selection may depend on any or a l l of the 
factors l i s ted below. 
1. Availabil i ty and accuracy of h i s to r i ca l data 
2. Degree of accuracy ex|pepted from the prediction 
3. Cost of developing the forecast 
4 . Length of the prediction period. 
5 . Time available to make the analysis , 
5. Complexity of factors affecting future operations. 
If accuracy to with^^+S percent i s required, 
metlfcods that are judged to yield forecasts of no bet ter 
than jhlO percent accuracy need no longer be considered 
(unless, of course, no other method i s expected to give 
be t te r accuracy than t h a t ) . If the data required by the 
method are not available^ ther some other method, must be 
foiind, A similar si tuation ex is t s with respect to time; 
i f a method can not reasonably be expected •^ o produce a 
forecast within the time avai lable, i t logically cannot 
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be considered further for use. Similarly, a method cost 
of developing the forcast is unaffordable need no longer 
be considered. The application of these ecreening 
criteria will usually eliminate a sizable nxunber of 
potential forecastin i methods. 
In our present case of tyre forecast the 
factors which have been considered in the selection of a 
forecasting methods, are time cost and simplicity. These 
factors altogether favour the selection of regress J. on and 
exponential models of forecasting. So, in the next chapter, 
regression and exponential models of forecasting have been 
used to forecast the production of different type^ of tyre. 
CHAPIER . 3 
FORECAST OF TYRES 
****************** 
A. F-RECAST OF GIANT TYRES (BUS AND TRUCK TYRES) i 
Before going to make a f o r e c a s t f o r t y r e s , 
i t i s n e c e s s a r y t o know Ithe expec ted p roduc t ion of 
v e h i c l e s (Buses & t r u c k s ) in t h e year 1982 and 1983 . 
The p r e d i c t i o n o r e s t i m a t i o n of v e h i c l e s ' p r o d u c t i o n 
depends upon s e v e r i f a c t o r s such as growth r a t e of 
a g r i c u l t \ a r a l as w e l l as i n d u s t r i a l s e c t o r , grov/th r a t e of 
p o p u l a ^ o n , t h e r a t e of i n c r e a s e i n road ne tworks , t h e 
i n v e s t m e n t p l a n o r the t rend of inves tmen t in t h e o t h e r 
a l t e r n a t i v e s of t r a n s p o r t a t i o n such as r a i l w a y s , fete. 
A l l t hese f a c t o r s taken t o g e t h e r a f f e c t the p o l i c i e s and 
growth of au tomobi le i n d u s t r y , Thxis, t h e e s t i m a t i o n of 
v e h i c l e s ( t r u c k s & buses) i s nof^easy tairtt. Howevet, I n d i a 
i s a deve loping c o u n t r y , and r a i l w a y s be ing andT^^insuMicient 
t r a a s p o r t a t i o n media , t h e t r a n s p o r t a t i o n by roads i s 
i n c r e a s i n g a t a r a p i d r a t e . The*e vms nQtW^ng i n the name 
of heavy I n d u s t r i e s dviring f o r t i e s , Af te r independence 
a ba lanced a t t e n t i o n was pa id by the Government of I n d i a 
towards the a g r i c u l t u r a l a s w e l l as i n d u s t r i a l s e c t o r with 
a view of a c h i e v i n g s e l f economic r e l i a n c e and economic 
b a l a n c e . With t h e passage of t i m e , bo th i n d u s t r i a l as we l l 
a s a g r i c u l t u r a l p roduc t ion have i n c r e a s e d . The i n c r e a s i n g 
t r e n d of pcpduc t ion n e c e s s i t a t e s the i n c r e a s e of t r a n s p o r t 
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f a c i l i t i e s . The two basjjc a l t e r n a t i v e s in India , for 
the t r anspor t a t ion of goods in domestic market as well 
as for the t r a v e l l i n g of passengers , are the road t r anspo r t 
and ra i lways . With the passage of time and in the wake 
of above development, both road t r a n s p o r t as wel l as rai lway 
system have considerably increased . Since, the trend of 
production in a l l f i e ld ( a g r i c u l t u r a l and i n d u s t r i a l ) i s in 
upward d i r e c t i o n , both w i l l continue to i nc r ea se . What would 
be the s i t u a t i o n a f t e r one or two decade i s not a matter to 
be considered h e r e . However, the present s i t u a t i o n i s such 
t h a t i t i s not poss ib le for any of the a l t e r n a t i v e , to e i t h e r 
replace the other or check the growth of other in near fu tu re . 
In thie present s i t u a t i o n both w i l l continue to t h r i v e . 
Hence, the above d i scuss ion shows a f a i r chances 
of growth in the production of heavy vehic les i . e . trucks 
and buses . This i s ev iden t from the production f igures of 
t rucks and buses a l so (see Appendix-1), The f igures show a 
continuing upward trend with approxinate ly uniform r a t e of 
growth in production (with some exceptions) . The f igxjres show 
t h a t the gradual increase in the production of a g r i c u l t u r a l 
as well as i n d u s t r i a l sector leads j to a simultaneous increase 
in the production of trucks and buses . Therefore, in order to 
simplify the problem a t hand, time may be considered as a 
reasonable ind ica to r for the es t imat ion of the production of 
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t r u c k s and b u s e s . T h e r e f o r e , i n o r d e r t o s i m p l i f y t h e 
p r o b l e m a t h a n d , t i m e may be c o n s i d e r e d a s a r e a s o n a b l e 
i n d i c a t o r f o r t h e e s t i m a t i o n o f t h e p r o d u c t i o n of t r u c k s 
a n d b u s e s i n t h e y e a r 1982 and 1 9 8 3 , H e n c e , b y c o n s i -
d e r i n g t h i s , t i m e would be an i n d e p e n d e n t v a r i a b l e X, 
w h i l e p r o d u c t i o n of h e a v y v e h i c l e s ( t r u c k s & b u s e s ) would 
b e d e i i e n d e n t v a i r a b l e V . With t h e ass \ janpt ion , t h e e s t i m a -
t i o n s f o r p r o d u c t i o n o f t r u c k s a n d b u s e s i n t h e y e a r 1982 
a n d 1983 have b e e n made h e r e . 
The r e g r e s s i o n and t h e e x p o n e n t i a l m o d e l s of 
t h e t i m e s e r i e s a n a l y s i s h a v e b e e n u s e d t o f o r e c o s t t h e 
p r o d u c t i o n of t r u c k s & b u s e s . The f o r e c a s t e d f i g u r e s of 
v e h i c l e s ' p r o d u c t i o n f o r t h e y e a r 1982 and 1983 b y t h e two 
m e t h o d s , a r e c l o s e t o e a c h o t h e r , T a b l e - 4 i s s h o w i n g t h e 
e s t i m a t e d p r o d u c t i o n of t r u c k s and b u s e s i n t h e y e a r 1982 
and 1983 by t h e r e g r e s s i o n and e x p o n e n t i a l mode l s o f t i m e 
s e r i e s a n a l y s i s , 
TABI£ - 4 
ESTIM/\TED PRODUCTION OF TRUCKS At^ D BUSES 
Y e a r F o r e c a s t b y r e g r e s s i o n F o r e c a s t b y e x p o n e n t i a l 
method method 
1982 61410 61949 
1983 63561 64699 
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Note I 1, All the figures are in number* 
2. For the calculations« see Appendix IV & V 
Two methods have given approximately the same 
results with little differences Now, the problem here is 
that the results of which of the two methods are more 
appropriate. The deviations of the actual productions 
from the fitted lines (from 1970 to 1981) are more or less 
same in both the cases as evident from the tables (Appendix 
-VI) as well as from the graph-I, However, Mean Absolute 
Deviation (MAD) is a better answer to this problem, MAD 
is simply the sum of the absolute deviations between actual 
demand or production and forecasts, divided by the number 
of observations. Calculations showthat in case of regression 
model the Mean Absolute Deviation is 3,499 tmits, while in 
case of exponential model, it is 3,206 (Appendix-VI) . Since, 
Mean Absolute Deviation is a measure of the forecast accuracy; 
therefore, it is reasonable to consider the forecasts by 
exponential model more appropriate than the forecasts by 
regression model. Hence, the forecast of tyre-production 
for the year 1982 and 1983 on the basis of estimated niimber 
of trucks & buses for the year 1982 and 1983 by the exponen-
tial model, is more justified. 
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The production of t y re depends f ^ n the 
production of v e h i c l e s . Hence, in the foirecast for ty re 
the nximbers of t rucks & bxises a re a pr©d4ct«r v a r i a b l e . 
With t h i s assvimption the tyre fo recas t s are made h e r e . 
Two causal methods of forecast ing ( regress ion and exponen-
t i a l ) have been used. In both the methods, the nurrber of 
veh ic les has been used as independent v a r i a b l e X to f o r e -
c a s t the production of tyres which i s a dependent va r i ab l e 
Y. 
T a t l e - 5 shows t h e f o r e c a s t e d f i g u r e s c f t h e 
G i a n t t y r e i - r e d u c t i o n i n t h e y e a r 1982 and 1983 b y t h e 
r e g r e s s i o n m o d e l . 
TABI£ "5 
ESTIMATED PRQDlKITIQH OF GIANT TYRES 
Y e a r E s t i m a t e d p r o d u c t i o n 
a a a s a a s i 8 a a a a a a s a 3 a a a s a a a 3 : = = : 3 a s a 3 = a 3 a s s a = 3 a 3 a a a = : = 3 3 = 3 3 3 3 3 3 3 : 
1982 3645.297 
1983 3786,680 
a a a a s a 3 3 8 : 3 3 3 3 5 3 3 s s a a a s a a s a a a s a a s a a a a 3 = 3 = 3 3 3 r 3 s a = : ^ s a : = ; : = 3 a a = 3 s : 
Note 1, Figures are in thousands 
2 . For the ca l cu la t ions see Appendix - V I I , 
t 54 I 
The standard er ror for the abfave es t imates of 
r egress ion model i s 262.778 (Appendix-VIII), The standard 
e r ro r i s a measure of d ispers ion of ac tua l data ijoints 
about the regress ion l i n e . When the number of observat ion 
i s about 30, we assume t h a t Halues are normally d i s t r i b u t e d . 
With the ass\imption, we expect 95% of the obseirvations to 
f a l l between plus or minus two standard e r r o r s of the mean, 
Y+ 2 Se. With fwwer than 30 data po in t s , we usua l ly assume 
t h a t student'^t d i s t r i b u t i o n i s more r ep resen ta t ive of our data, 
In the present case , the regress ion l i n e i s based on 12 obser-
v a t i o n s ; t he re fo re , 10 degrees of freedom have been used in 
the ca l cu la t ion of standard e r r o r (the loss of 12-10=2 degrees 
of freedom i s due t o the two cons t an t s , a and b , in the 
regress ion equat ion . Hence, Irith the he lp of the t ab l e of 
s tudents t d i s t r i b u t i o n (Appendix-XII), the d i f f e r e n t ranges 
have 90%, 95% and 99% chances of f a l l i n g the a c t u a l data 
wi th in them, can be obtained for the year 1982 and 1983, The 
ranges for the year 1982 are as fol lows: 
i-rv 
(i) The range km which there are 90% chances of falling the 
actual data would be 
^982^ 1,8125 Se » 3645.297 + 1.8125 (262.778) 
= 3169.01 to 4121.58 
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( i i ) The range 4fiw which there axe 9i% chances of f a l l i n g 
the ac tua l data would b e . 
V + 2,2281 Se « 3645.297 + 2.2281 (262.778) 
11982 -
» 3059.80 to 4230.79 
( i i i ) The range in which ther« are 99% chances of f a l l i n g 
the ac tua l da ta would be . 
"ll982 -i 3.1693 §e = 3645.297 + 3,1693 (262.778) 
= 2812.47 tC' 44778.1? 
S imi la r ly , the ranges for year 1983 a re as 
follows» 
( i ) The range in which there are 90% chences of f a l l i n g the 
ac tua l data would be 
1982 i 1.8125 Se » 3786.68 + 1.8125 (262.778) 
=» 3310.39 to 4a62.96 
( i i ) The range in which there are 95% chances of f a l l i n g 
tha ac tua l datci v;ould be 
^ 9 8 3 - 2.2281 Se = 3786.68 + 2.2281 (262.778) 
» 3201.18 to 4372.17 
( i i i ) The range in which there are 99% chances of f a l l i n g 
the ac tua l data would be 
ri983 - 3*1693 Se = 3786.68 + 3.1693 (262.778) 
= 2953,86 to 4619.50 
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No te I A l l t h e f i g x i r e s of d i f f e r e n t r a n g e s 
a r e i n t h o u s a n d s . 
Wie above a n a l y s i s shown a l l t h e f i n d i n g s of 
r e g r e s s i o n m o d e l . The e s t i m a t e d p r o d u c t i o n f i g i a r e s of t h e 
G i a n t t y r e s f o r t h e y e a r 1982 and 1983 by t h e e x p o n e n t i a l 
mode l a r e shov/n i n t a b l e - 6 , 
TABI£ - 6 
ESTIMATED PRODUCTION OF BIANT T3fR£S 
Y e a r E s t i m a t e d P r o d u c t i o n 
a a a a a a 3 a a s a i B 8 a a s s = = ; 3 3 = a i 3 s t a a a a a a a = = s a s a a a a a a s i a 8 a = = = a s a ^ a 3 3 3 a s a a s 
1982 3 6 7 5 . 3 6 0 
1983 3855.450 
3 3 3 3 3 3 3 3 3 iisas 3 3 3 3 3 3 3 a a 3 3 a a a a a a a 3 3 3 a 3 a 3 3 a : 3 3 S £ 3 = 3 S 3 = s ; 2 ; ^ : 2 S = : 2 = : ^ = : : = r - . = : 
Notex 1 . F i g u r e s a r e i n t h o u s a n d s , 
2 , For t h e c a l c u l a t i o n s , s e e A p p e n d i x - I X , 
H e n c e , t l i e e x p o n e n t i a l mede l e s t i m a t e s a l i t t l e 
h i g h e r p r o d u c t i o n of G i a n t t y r e s i n t h e y e a r 1982 4nd 1 9 8 3 , 
t h a n d o e s t h e r e g r e s s i o n m o d e l . B u t , s i n c e . Mean A b s o l u t e 
D e v i a t i o n i n c a s e of r e g r e s s i o n mode l i s l e s s e r t h a n e x p o n e n t i a l 
modell)B t h e r e f o r e , i t i s j u s t i f i e d t o c o n s i d e r t h e e s t i m a t e s 
b y r e g r e s s i o n mode l a s more a c c u r a t e t h a n e s t i m a t e s b y e x p o n e n -
t i a l m o d e l . Graph i s a l s o f ^ o i i r i n g t h e r e s u l t s o f r e g r e s s i o n 
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model , As in e v i d e n t from the graph 2 , though t h e d e v i a t i o n s 
between the a c t u a l p roduc ts and f o r e c a s t a a r e more in 
e a r l i e r yea r s i n c a s e of r e g r e s s i o n model, i t i s l e s s In the 
r e c e n t yea r s as compared t o e x p o n e n t i a l model Mean Abso lu te 
D e v i a t i o n i n ca se of r e g r e s s i o n rrtoclel i n 183 ,143 , and i n 
t h e c a s e of e x p o n e n t i a l model, i t i s 180,042 (App«ndlx-X). 
However, t he Mean Absolute D e v i a t i o n i n case of e x p o n e n t i a l 
model I s n o t as h igh as compared t o r e g r e s s i o n , model t h a t 
t h e e s t i m a t e s by e x p o n e n t i a l model shou ld be c o n s i d e r e d as 
a b s o l u t e l y v a g u e . 
T i l l now# t h e d i s c u s s i o n s r e g a r d i n g t h e e s t i m a t i o n 
of t y r e p r o d u c t i o n by the two c a u s a l methods have been made. 
The e a r l i e r e s t i m a t i o n of t i ie G i a n t Tyre prodvict ion i s based 
on the est i j r .ated p roduc t i on of t r u c k s ft b u f e s . S i n c e , the 
t y r e i s a complement of axi au tomob i l e ; t h e r e f o r e , w i thou t any 
d o u b t , i t can be s a i d t h a t the futxire of t y r e i n d u s t r y i s 
comple te ly dependent upon the futvire of au tomobi le i n d u s t r y . 
I n o t h e r words , i t can b2 s a id t h a t t h e r e i s a d i r e c t 
r e l a t i o n s h i p between x-he p roduc t ion of au tomobi les and 
p roduc t i on of t y r e s . This r e l a t i o n s h i p can a l s o be proved 
q u a t i t H t i v e l y by the s t a t i s t i c a l t echn ique of c o r r e l a t i o n , 
A c o r r e l a t i o n a n a l y s i s exnniines t h e degree of r e l a t i o n s h i p 
between the two v a r i a b l e s . The c o e f f i c i e n t of c o r r e i l a t i o n . 
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r , i s a measxire of the degree of relat ionship between two 
var iab les . The values of r always ]•« between +1 and -1 
when r • +1, a l l the actual data points fa l l on an upward 
sloping regression l ine , showing a directlwa relat ionship 
between the var iab les . When r i s between +1 and o, the 
regression l ine s t i l l slopes upward, but data points fa l l 
on ei ther side of the l i ne . Similarly r=-l shows a perfect 
inverse relat ionship between the two var iables . 
In the present case of automobiles ( true s and 
buses) and Giant tyres , the value of r is equal to +0.8773 
(Appendix -Xl)• This value of r i s near to +1, showing 
that there exis ts a strong d i rec t relat ionship between the 
production of automobiles and production of Giant Tyres. 
l?his value of r i s also able to r e j ec t the hyiJothesis f = 0. 
According to th is hypotliesis, there exists no re la t ionship 
betiveen the production of automobiles (buses & trucks) and 
production of Giant ty res . The c r i t i c a l values of r a t 9§% 
and 99% level of confidence for N=12, are 0.576 and 0,708 
respectively (Appendix-XII), Hence, the calculated value of 
r is greater than the c r i t i c a l values of r both a t 95% and 
99% level of confidence. Therefore, the assumption that 
there is direct re la t ionship between the production of t r icks 
& bxises and production of Giant tyres i s correct . 
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Coefficient of determination (r ) measures the 
proportion of the total variation explained by the regression 
line. In the present CE.LC:, the value of # = 0.8773. Kence, 
the variation explained by the regression line., is about 
2 
(0.8773) = 0.7696 = 7G.96!^ i of the t o t a l , Vc-rl5t:'or. bcta'een 
the ac tua l product-ion and average product ion. 
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B . FORECAST OF CAR AND JBEP TYRES 
Before making a f o r e c a s t of t y r e p r o d u c t i o n ( ca r 
and j e e p t y r e s ) f o r the year 1982 and 1983, and e s t i m a t i o n 
of the c a r and J e e p prodt ic t ion f o r t h e same y e a r s i s 
e s s e n t i a l . Like t r u c k s and b u s e s , h e r e aga in t ime has been 
c o n s i d e r e d as the independen t v a r i a b l e i n t h e e s t i m a t a o n of 
c a r and ^eep p r o d u c t i o n . However, t ime as the p r e d i c t o r 
v a r i a b l e i s n o t v e r y mach J u s t i f i e d h e r e , b e c a u s e , he re t h e 
p roduc t i on p a t t e r n of ca r and Jeeps i s n o t same as the 
p roduc t ion p a t t e r n of t r ucks and buses in p r e v i o u s c a s e . 
The p roduc t ion of Car and j e e p s i n 1960 was 44 ,500 u n i t s 
a s a g a i n s t t h e 43,700 u n i t s i n 1981 ( I m p e n d i x - I l ) . The 
d a t a of the l a s t 12 yea r s show t h a t p r o d u c t i o n of c a r and 
j e e p s has a lways been between 40,000 and 50,000 «mi ts 
e x c e p t the y e a r 1972 and 1973, when the p r o d u c t i o n v/as 
51,300 and 53,000 u n i t s r e s p e c t i v e l y ^ d the y e a r s 1975 and 
1976, when the p roduc t ion was 31,200 and 38,300 u n i t s 
r e s p e c t i v e l y . However, t i m e , money and s i m p l i c i t y oare t h e 
f a c t o r s which favour the e s t i m a t i o n of c a r and j e e p p roduc t ion 
on the b a s i s of t i m e . 
Here a g a i n , r e g r e s s i o n and e x p o n e n t i a l model of 
t h e t ime s e r i e s a n a l y s i s have been used i n the e s t i m a t i o n 
of c a r and j e e p p r o d u c t i o n . The p roduc t ion f i g u r e s of ca r 
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amd jeeps frop 1970 t o 1981 have been taken I n t o account 
in the es t imat ion of car and J e e p ' s production for the 
year 1982 and 1983, Table-7 4s showing the estiinat*«a 
production of Car and Jeeps in the year 1982 and 1983 
by the two models of the time s e r i e s a n a l y s i s , 
The two methods are approximately giving the same 
r e s u l t s with neg l ig ib le d i f f e r e n c e s . Both the methods show 
a decl in ing pa t t e rn of product ion. However, the r a t e of 
decl ine i s low. Mean Absolute Deviations in both the 
cases are 
TABI£ -• 7 
ESTIMATION PRODUCTION OF CAR AND JEEPS 
Year Forecast by regressioh Method Forecast by exponential 
a a a a a a a a » s a a i a a a a a a a a a a a a a o a i » a a a » a a a a = a a B a a a a a = i a = 5 a a a a T B B f c O Q f l a a a a 
1982 40,026 40,048 
1983 39,369 39,488 
a a a a s a a a ^ s a a a a a a a a a B s a a a a s a a a a a a i a a a a s s a a a a a a a a a a s s a m a a a s a a a a a a a a a a s 
Note I 1, Figures are in number 
2, For the procedures see Appendix IV and V 
approximately the same. I t i s 3,928 un i t s in case of r egre -
ss ion model and 3,995 un i t s in case of exponential method 
(for the procedures, see Appendix -VI) , Gtaphs of both the 
models are a lso showing the same r e s u l t as Mean Absolute 
Deviat ion, The only di f ference between the graphs of the 
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two models in that the graph of regression model is 
showing comparatively leaser deviations of actual 
data points from the regression line in recent years 
(graph-3 ) , Hence, this analysis of graphs favoxirs the 
forecast of tyres on the basis of estimated production 
of Car and Jeeps by the iregression model, A comparision 
of the Mean Absolute Deviations is also presenting the 
same view. Hence, for tie forecast of tyres the estimated 
figures of Car and jeeps by the regression model have been 
used* 
Hence, in the forecast of tyres (Car and Jeeps), 
the number of car and Jeeps iA a predictor variable. Two 
causal methods, name 1/regression and exponential , have 
been used here. 
Table-8 showing the forecasted figures of the 
production (Car and Jeep) in the year 1982 and 1983 by the 
regression model, 
TABI£ - 8 
ESTIMATED H^QDUCTION OF TYRES (CAR AND JEEP) 
Year Estimated PJ^Oduction 
1982 1019.958 
1983 1009.375 
aaaasaaaaa3aaaassaaaasan«aaaassaa=aaaaaasS3a=:%aaaasa=aa=aa 
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Note: 1, Pigvures sure in thousands. 
2, For the procedures, see Appendix-VII. 
The above tab le i s showing a dec l in ing 
pa t t e rn of tyre production (Car and Jeep) , This i s due 
to the dec l in ing pa t t e rn of production of Car and j e e p s . 
The standard e r r o r for the abov est imate i s 98.713 (for 
the procedure, see Appendix-VIII). Since, the number of 
observat ions ±A 12 i . e , l e s s than 30; student • s ' ^ t ' d i s t r i b u t i o n 
i s a b e t t e r r epresen ta t ive of the data in t h i s c a s e . The 
degree/, of freedom are again 10. As have been done in case 
of Giant Tyre ' s fo recas t , the d i f f e r en t ranges with the 
90%, 95% and 99% chances of f a l l i n g the ac tua l data within 
them, can be obtained with the he lp of s t u d e n t ' s ' t ' d i s t r i -
bution tab le (Appendix-XII) for the year 1982 and 1983. The 
ranges for the year If82 are as fo l lows. 
( i ) The range in which there are 90% chances of f a l l i n g 
the ac tua l data would be 
^ 9 8 2 ±^«8125 Se = 1019.958 + 1.8125 (98.713) 
« 841,04 to 1198.88 
( i i ) The range in which there are 95% chances of f a l l i n g 
ac tua l data would be<|» 
M982 - 2.2281 Se = 1019.958 + 2.2281 (98.713) 
= 8!Q0.02 to 1239.90 
t 6 6 t 
( i i ) The range ±n which there are 9954 chances of f a l l i n g 
the ac tua l data would be , 
"1^982 - 3»1693 Se » 1019.958 + 3,1693 (98.713) 
=» 707.11 to 1332.81 
S imi la r ly the ranges for the year 1983 are as 
fol lows, 
( i ) The range in which there are 90% chances of f a l l i ng 
the ac tua l data would be 
"^983 i ^•8125 Se » 1009,375 + 1.8125 (93.713) 
= 830.46 to i r e . 2 9 
( i i ) The range in which there are 95% chances of f a l l i n g 
the ac tua l data would be , 
^ 9 8 3 - 2.2281 Se = 1009.375 + 2.2281 (98,713) 
« 789.43 to 1229.32 
( i i i )The range in which there are 99/<» chances of f a l l i n g the 
ac tua l data would be 
^ 9 8 3 - ^'^^^^ ^® "^  1009.375 + 3.1693 (98.713) 
= 696.52 to 1322,23 
NOIS-: All the f igures of d i f f e r e n t ranges are in thousands. 
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A f t e r a n a l y z i n g t h e f i n d i n g s of r e g r e s s i o n 
mode l of f o r e c a s t i n g ; t h e r e s u l t s of e x p o n e n t i a l model 
a r e c o n s i d e r e d . T a b l e - 9 shows t h e e s t i m a t e d p r o d u c t i o n 
o f Car a n d J e e p T y r e s i n t h e y e a r 1982 and 1983 b y t h e 
e x p o n e n t i a l m o d e l , 
TABI£ « 9 
ESTimTED PRODUCTION OF TYRES (CAR AND JELP) 
a a a a a = s a s a i = 3 ^ a = s a i a 3 s s 3 s = : = : = i = : a a > s a M S 3 a a 3 S s a a = a s = : 3 a a a i s s s a 3 3 a 3 s s s 3 i 
Year Estimated Production 
nsasaasaaaaaaaaassaasaaaaasasasasaaasaaasaaasaaaaaasaaaasss 
1982 1014.400 
1983 1004.723 
asas3saaBaaaa3aa33aasa333^a3asaa33=aaaaasa3aas3aa3a8aaa3a^a^i 
NOTE I 1, Figures are «]%» in thousands, 
22 For the proccdxires, see Appendix-IX, 
A comparison of the estimated values by 
regression and exponential model shows that the exponential 
model estimates a slightly lower production of car and jeep 
tyres in the year 1982 and 1983 than does the regression 
model. However, the difference is not very significant. A 
comparison of the results by the two models on the baAls 
of Mean Absolute Deviation is giving a result which is 
different from the result obtained by the same comparision 
I 68 t 
of e s t i na t ed r e s u l t s of t i e two models on the bas i s of 
^ a p h . Mean Absolute Deviation in case of exponential 
model i s 78.106, while i t i s 79,008 in case of regress ion 
model (for the procedures, see AppendiX'JC) , Hence, t h i s 
comparison favours the r e s u l t s of exponential model. On 
the other hand, a comparison of the graphs of two model 
i s showing t h a t except year 1981, the devia t ions of the 
ac tua l data poin ts from the f i t t e d l i n e in r e c e n t years , 
are l ess in case of regress ion model as compared t o 
delriations in case of exponential model (graph-4) , However, 
s i nce , the r e s u l t s of the two models are not very much 
d i f f e r e n t from each o ther , equal wtlghtage may l^e given 
to both the r e s u l t s . 
The c o r r e l a t i o n between the production of Car 
and Jeeps and production of ty res (Car and Jeep) i s not 
as high as i t was between the production of heavy vehic les 
( t rucks & buses) and production of Giant t y r e s . Here, the 
value of coe f f i c i en t of c o r r e l a t i o n , r , i s +0.7159 (for 
the procedures, see Appendix-XI), Never theless , t h i s value 
of r i s s u f f i c i e n t l y high enough t o sikow a s t rong r e l a t i o n -
sh ip between the production of car and Jeeps and production 
of t h e i r ty res as well as to r e j e c t the hypothesis ^ = 0 
both a t 95% and 99% leve l of confidence (Appendix-XIII). 
t 69 I 
% 
Coefficient of determination i s (0,7159) 
» 0,5125. Hence, the variation explained by the regression 
l ine , i s about 51,25% of the t o t a l variat ion between the 
actual production and average production. 
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C, PRODUCTION OF TYRES (MOTORCYCI£S, SCOOTERS AND MOPED .^ 
S i m i l a r t o p r e v i o u s c o ^ e s , here a l s o an 
e s t i m a t i o n o f t n e p r o d u c t i o n o f two w h e e l e r s ( m o t o r c y c l e s , 
s c o o t e r s and mopeds) f o r t h e y e a r 1982 and 1983 i s e s s e n t i a l 
b e f o r e p r o c e e d i n g a h e a d . For t h i s e s t i m a t i o n t ime has 
been c o n s i d e r e d p r e d i c t o r v a r i a b l e » i . P r o d u c t i o n f i g u r e s o f 
two w h e e l e r s from il910 t o 1981 ar e showing a c o n t i n u o u s 
i n c r e a s e each year i n the p r o d u c t i o n w i t h o u t any e x c e p t i o n 
( A p p e n d i x - I l l ) . T h e r e f o r e , t h e c o n s i d e r a t i o n o f t ime a s 
p r e d i c t o r v a r i a b l e X i s somewhat r e a s o n a b l e h e r e . With t h i s 
a s s u m p t i o n , t h e p r o d u c t i o n e s t i m a t i o n o f two M r a e l e r s have 
been made by the two models of t h e t ime s e r i e s a n a l y s i s 
s e p a r a t e l y . These two models ar e r e g r e s s i o n and e x p o n e n t i a l 
The e s t d n a t e d p r o d u c t i o n o f the two w h e e l e r s by the two 
models are showin i n t a b l e - l o , 
TABLE - 10 
ESTIMATED PRQDUCIBON OF TWO WHELlfiRS 
Vear F o r e c a s t by r e g r e s s i o n F o r e c a s t by exponen-
method t i a l methods . 
a i s a s a B s s : a s s s s s s a i a i E i « s B s a s s s > a B a i a s a i a 3 = s s a a a s s s a a n = B a t s a B S S B a = : s 3 s s s = s s a s s 
1982 390.045 444.830 
1983 413.937 496.075 
NOTE: 1, Figxires are in thousands. 
2, For procedures, see Appendix IV & V, 
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The difference between the r e s u l t s of the 
two models i s s i gn i f i can t . Forecast by exponent ia l model 
i s qui te high as compared to t h a t by regress ion model, 
*SJr the fo recas t of ty re production (two whee le r s ) , the 
se lec t ion of the r e s u l t s of only one model, i s e s s e n t i a l 
The problem can be solved by the technique of the Mean 
Absolute Deviation as well as by the graph. The Mean 
Absolute Deviation in case of regress ion model i s 9,70 
(•000 nximbers) as aga ins t the exponent ia l model where i t 
i s 12.887 ( '000 numbers). The procedure of MAD ca l cu l a t i on 
i s same as shown in Appendlx-lSI. Hence, according to Mean 
Absolute Deviation technique the es t imat ion by the regress ion 
model are more appropr i a t e . This i s v^at the graph i s 
showing a l s o . The graph i s showing r e l a t i v e l y more devia t ion 
of the ac tua l d a t a points from the f i t t e d , l i n e in case of 
exponen^a l model as compared to / r eg res s ion model (graph-5) , 
Hence, the es t imat ion of the ty re production (two wheelers) 
for the year 1982 and 1983 on the bas i s of estimated produc-
t ion of two wheelers for the same years by the regress ion 
model i s more J u s t i f i e d . 
As usual , regress ion and exponential models of 
causal methods of fo recas t ing , have been used here a lso 
Table-11 i s shewing the est imated production of two wheeler ' s 
ty re in the year 1982 and 1983 by the regress ion model. 
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TABI£ - I I 
ESTIhSftTED PRODUCTION OF TYRES (TWO WHEELERS) 
a a a i a a a a a a a i a a x t a a a a a « a « i a « a a » a 3 : 
Year Estimated Production 
s a a s s i s s z s a i ^ s a s t s s a a i s a s s s a a a a s i a a s a s z a a a B S E a = ^ 3 3 a B s s a ^ 3 s a = r s s s s a i s a s s s s 
1982 1913.96 
1983 2031.73 
atstaatasists:sasisi3isa^sissss»ss3*sssii - a s a a a a a i s a a s s a a a s s a s a s a s a a a a a s a a a s a a s 
NOTE 1 , Figures are in thousands, 
2 . For the procedure see Appendix-«I I . 
The standard error of t e above es t imate irf 8 2 , 9 2 , 
With the he lp of s t u d e n t ' s ' t ' d i s t r i b u t i o n t a b l e and having 
known the standard error of e s t i m a t e , the d i f f e r e n t ranges 
with 90%, 95% and 99% l e v e l of confidence of f a l l i n g the 
ac tua l data wi th in them, can be e s t a b l i s h e d for the year 
1982 andl983. The ranges for the year 1982 are as fo l lows , 
/ 
( i ) The ranges in which there are 90% chances of f a l l i n g 
the ac tua l data would be 
"^982 - ^•8125 Se = 1913.96 + 1.8125 (82.92) 
« 1763.667 to 2064.252 
( i i ) Thie range in which there are 95% chances of f a l l i n g 
the ac tua l data would be 
^ 9 8 3 - 2.2281 Se = 1913,96 • 2.2281 (82.92) 
« 1729.206 to 2098.714 
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( l i i ) The range in whldi there are 9994 chances of f a l l i n g 
the ac tua l data would be 
^ 9 8 2 - 3.1693 Se » 1913.96 + 3.1693 (82.92) 
» 1651.16 to 2176.758 
S imi la r ly the range for the year 1983 are 
as fol lows. 
( i ) The range in which there are 90% chances of f a l l i n g 
the ac tua l data would be 
^1983 - ^•8126 Se =» 2031.74 + 1.8125 (82.92) 
« 1831.437 to 2182,022 
( i i ) The range in which tliere are 95% chances of f a l l i n g 
the a c t u a l data would be 
"^1983 ~ 2.2281 Se » 2031.73 + 2,2281 (82.92) 
« 1846.976 to 2216.484 
( i i i ) The range in which there are 99% chances of f a l l i ng 
the a c t u a l data would be 
"^983 ± 3,1693 Se = 2031.73 + 3.1693 (82.92) 
« 1768.93 to 2294.528 
NOTE I Al l the f igures of d i f f e r e n t ranges are in thousands. 
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The above discussion was related to the findings 
of the regression model. The results of exponential 
model regarding the forecast of two wheeler's tyres are 
shown in tablevlZ. 
TABLE ~12 
ESTIMATED PRODUCTION OF TYRES (TWO WHLELE.RS) 
YEAR ESTIMATED PRODUCTION 
8iaas:sassst :=3a3as=3sss==:s34ss3ai3:aaassa:s3sass3a3s:sB^=:Ss^3:=:sats^si=si3:saais:sssis 
1982 2161.750 
1983 2409.385 
a a = a = a a a a a s a a a a a s 3 a = : a = s a = i = 3 a s a a 3 s i a a s a a s a a = = s a a a a s 3 s a a s = a a 3 3 a a a = s 
Note: 1. Pigtires are in thousands^ 
2. For the procedures , see Appendix-IX. 
A comparision of the es t imated f igures of the 
two models i s showing s i g n i f i c a n t difference. Estimations 
by exponential model are considerably high as corpared to 
t h a t by regress ion model. But the graph as wel l as MAD both 
are favouring the r e s u l t s of r egress ion model. The ac tua l 
data points are very near to f i t t e d l i n e in r ecen t years in 
the case of regress ion model as compared to exponent ia l 
model (graph 5 ) . O e^ MAD i s 63.29 i a case of regress ion model 
as aga ins t the exponential model where i t iA 74,47 ( for the 
procedures, see Appendix-X). The dif ference b^  tween the 
two values i s n o t i c e a b l e . Hence, a saying t h a t the r e s u l t s 
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of regression model are more accurate is Justified. 
The correlation between the production of 
two wheelers and production of two wheeler's tyres is 
very strong. The value of coefficient of correlation 
r, is 0.9836, which is very war to perfect linear 
relatiolMihip (for the procedure, see Appendix XI) . No 
doubt, hypothesis f "0, has no significance at any level 
of confidence, 
2 2 
Coefficient of determination, r , is (0.9836) 
» 0.9674. Hence 96.74% of the total variation between 
the actual production and average production is explainable 
by the regression line. 
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CONCLUSIONS 
The study which I s r e l a t e d t o the fo recas t s of 
ty re production has shown a d i f f e r e n t pa t te rn of production 
for d i f f e r en t types of t y r e s . 
The production of Giant tyres i s showing an 
increas ing trend a t a moderate r a t e . Since, ty re i s a com-
ponent of v e h i c l e ; as long as the production of veh ic les 
i s in upward d i r e c t i o n , the production of t y r e s w i l l a l so 
be in the same d i r e c t i o n , I n d i a ' s a g r i c u l t u r a l and 
I n d u s t r i a l productions are increas ing cont inuous ly . Simu-
I taneously, Indian •s '^indicatora of a prosperous futxare of 
b\is and truck'© manufacturing companies. This i s what the 
production figxires ( t rucks and buses) are showing (Appendix 
- I ) • Since, the production of t rucks and buses i s in 
upward d i r e c t i o n ; the re fo re , an apward production trend of 
Giant ty res i s natxiral . The production fo recas t s of tyres 
by the two causa l models, exix>nential and reg ress ion , are 
not very much d i f f e r e n t from each o t h e r . However, graph 
and Mean Absolute Deviation a re showing the r e s u l t s of regre-
ss ion model as more accurate when compared to the r e s u l t s of 
exponential model.A standard e r r o r of 262,770, though not 
very high i s s t i l l cons iderable . The value of coe f f i c i en t 
of corr41at ion, r i s shov/inua s t rong r e l a t i o n s h i p hetvreen 
the production of t rucks and bases and production of t h e i r 
t y r e s . 
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In contrast to Giant ty res , the production 
of Car and jeep tyres is showing a declining trend, 
though the ra te of decline i s very low. The reason is 
that the production trend of car and jeep i t s e l f is 
declining. Increasing prices of petrol , high iiaintenance 
cost e t c . , are the factors which might be the root cause 
of th i s declining trend. Anyway, the production trend 
of car and Jeeps is not appreciable. With a declining 
production trend of car an^ jeeps, the same trend in case 
of the production of Car tyres , is obvious. Both the regre-
ssion and exponential models are showing the declining 
trend of car t y r e ' s production. The resu l t s of tv;o models 
are very much a l ike . Standard error here again is consid-
erably high. The value of coefficient of correlation,^B, 
is not as high as i t should have been. However, i t i s s t i l l 
suff icient ly high , for hypothesis, ^ =0, to be rejected. 
The production pattern of two wheeler's tyres 
is showing a very prosperous future for the rranufacturers 
of two wheeler's ty res , lliiis i s because the production of 
ti-fo wheelers i t s e l f i s increasing continuously «f a high 
r a t e . Car, Jeep, Motorcycle, Scooter and Moped are generally 
i«eant for personal use. However, since the petrol price i s 
increasing continuously and cars and Jeeps give low milage 
s 82 : 
per l i t r e as compaured to two wheelers , people are using 
less of jeeps and Cars and are s h i f t i n g more and more 
and towards the two wheelers day by day. Beside i t , the 
maintenance of two wheelers i s easy as compared to cars 
and j e e p s . The above are the reasons for increase in two 
wheeler ' s production a t a rap id r a t e . The es t imat ions by 
the exponential model are much h^ifh as compared to regress ion 
model. However, graph and MAD are favouring the r e s u l t s of 
regress ion model. Standard e r r o r i s comparatively low he re . 
The value of coe f f i c i en t of c o r r e l a t i o n r , i s showing 
somewhat per fec t l i nea r r e l a t i o n s h i p , / 
Hence tbe present study was r e l a t e d to fu ture , 
tiince, tlie future i s uncer ta in ; there fibre, how accura te the 
r e s u l t s would prove themselves, can only be seen with the 
passage of t ime. 
Appandlxes 
APPEHDIX " I 
production of heavy P r o d u c t i o n of Gian t 
Year v e h i c l e s ( t r u c k s & t y r e s 
buses) ('OOflumers) ( ' 000 numbers) 
a = : ~ s s s s s : s s s s = a s a > a a a 3 s a a a s a 3 3 : a t 3 = i a a s s s 3 a i a s = 3 i s = : £ : : 3 r = = 3 = 3 = : s a s s = a = s : 7 = = s > s a s 
1970 411 2,093 
1971 420 2,364 
1972 373 2,392 
1973 419 2 ,488 
1974 407 2 ,313 
1975 426 2,^80 
1976 468 2,724 
1977 414 3,069 
1978 532 3,407 
1979 597 3,498 
1980 610 3,600 
1981 615 3,560 
s s a a a s s s a s s a a a s s a a a r s a a a a s a a i a a a a a a s s s a a s s a a a s a s a s s a s a a a a a a a a s a : 
APPENDIX - I I 
p r o d u c t i o n o f Cars P r o d u c t i o n o f Car 
Year and Jeeps and j e e p t y r e s 
s = : a s 3 3 a a 3 U 3 S a z 3 s s a a i s s a a a a ^ 3 S S > s s 3 3 = & s s a s 3 3 s s s s ^ s a a M a 5 S 9 a s S = : a i 3 = : = s s s = 
1970 445 966 
1971 494 1 ,148 
1972 513 1 ,296 
1973 5 , 3 0 1 , 2 8 0 
1974 460 1 , 2 6 2 
1975 312 950 
1976 383 913 
1977 479 999 
1978 439 1 , 1 2 0 
1979 416 1 ,057 
1980 407 1 , 0 9 2 
1981 437 981 
s s = = : s a a = : = a a = 3 s : = a a s a 3 a s a a a a a a a a a s a a a a a s = s : s a = : a s s = : a s a a s 3 a a a 3 a a a s 
APPENDIX I I I 
Ygaj. production of two wheelers production of two 
( '000 numbers) wheelers tyres 
('000 numbers) 
1970 117 603 
1971 127 678 
a972 147 708 
1973 165 709 
1974 k82 802 
1975 208 1,065 
1976 274 1,484 
1977 285 1,270 
1978 294 1,506 
1979 314 1,485 
1980 335 1,670 
1981 369 1,800 
APPENDIX - IV 
The straight line equation,Y= a + bX, is a general 
form of all the regression equations, m this equation 
a and b are constants for specific pJ^oblems, The valines 
of a and b are obtained by the following formulas, 
N T XV -T-XEY 
Where 
Nsx^ - (r.x)^ 
X « independent variable 
V « dependent var iab le 
N = number of observatJ ons 
. ( i ) 
and 
r - b % ..Hi) 
With the he lp of above two equations the va lues of 
a and b can e a s i l y be c a l c u l a t e d . In the present case of 
v e h i c l e s ' f o r e c a s t , time i s independent var iab le and 
production of trucks and biases i s dependent v a r i a b l e . The 
f i gures needed for the c a l c u l a t i o n of a and b are , from the 
t a b l e - 1 3 , a© fo l lows 
r:x a 6 
Z : Y « 5,692 
r X Y a 5,921 
CX^ m 146 
X a 0.5 
V a 474,33 
N « 12 
Now frorn these figxures -
TABI£ - 13 
Year X Y ( * 0 0 nuntoers) X^ XX 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
 
s a a s : 
- 5 
~4 
- 3 
- 2 
- 1 
0 
1 
2 
3 
4 
5 
6 
6 
Y(*oo I 
Baa:=aB=:=sag 
4 ,11 
4 ,20 
3,73 
4 ,19 
4 ,07 
4 ,26 
4 ,68 
4 ,44 
5,32 
5,97 
6,10 
6,15 
5,692 
25 
16 
09 
04 
01 
00 
01 
04 
09 
16 
25 
36 
146 
- 2 , 0 5 5 
- 1 , 6 8 0 
-1 ,119 
- 0 , 8 3 a 
- 0 , 4 0 7 
0,000 
0,468 
0,828 
1,598 
2,388 
3,050 
3,690 
5.921 
i a s s s a i a a a a = a a s a a a a a 3 a a = s : 3 s a = : s a s 8 s a s a 
NOTE: In t h e above t a b u l a t i o n t h e year 1975, has been 
cons ide red a s t h e base y e a r . This i s the r e a s o n 
why X f o r 1975 i s z e r o . 
b » 12 X 5921 - 6 X 5692 ^ 36900 
12 X 146 - (6)2 ^•'^^ 
or 
b » 21.5035 
4 The v a l u e ' a , now, can be ca l cu la ted with the 
he lp of equation ( i i ) . Hence, 
a a 4 7 4 . 3 3 - 21.5035 x 0.5 
or a » 463 ,58 
Now, the regress ion equat ion can be obtained 
simply by put t ing the ca l cu la t ed va lues of a and b in to 
the s t r a i g h t l i n e equation,"^s a + b X, 
Hence the regres s ion equation 
^ » 463,58 + 21,5035 X 
The above eqxiation i s the equation of regres s ion 
l i n e of the problem a t hand. Prom t h i s equation e s t imat ions 
for the year 1982 and 1983 can be made s e p a r a t e l y , m doing 
s o , X w i l l be 7 and 8 for the year 1982 and year 1983 r e s p e c t i v e l y , 
Wius, the est imated production of trucks and buses 
in year 1982 would b e . 
^ 9 8 2 * ^^3-58 + 21.5035 x 7 
» 614.10 
S i m i l a r l y the est imated production in the year 
1983 would be 
^ 9 8 3 ° 463.58 + 21.5035 x 8 
" 635.61 
NOTE I The forecas ted f igures are in hvmdreds. 
APPENDIX - V 
In the appendix-IV, the estimation of heavy-
vehicles' production had been made by the regression 
method. The same thing has been done here by the expoUBn-
tial model. The smooth c\irve of exponential model is 
represented by the equation, V>= ab , 
Hence, here again for any estimation,the first 
requirements ia the values of a and b. The values of log 
a and log b are calculated by the following equations 
log b - Nr:(x^loq-r) •.-^X2:^logv ^^ ^^ j 
and 
NH^ x^ - ( z:x)^ 
log a » :f:(loqV) _ jj (log b) ..(ii) 
The exponent ia l equation i s e s t a b l i s h e d by 
taking the ant i logar i thms of a and b . The f i g u r e s needed 
for the c a l c u l a t i o n s of log a and log b, are a v a i l a b l e in 
the t a b l e - 1 4 , with the he lp of t a b l e - 1 4 . 
log b - 12 X 1 8 . n 4 4 - 6 X 32.0329 
12 X 1 4 6 - (6)^ 
, X, 32.3754 
or log b « j^ j^^ g— 
or log b = 0.018866 
s a s s s s t a 
YEAR 
a a s s a s s 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
s = a a » = . 
X 
a a s a a a i 
- 5 
- 4 
- 3 
- 2 
- 1 
0 
1 
2 
3 
4 
5 
6 
" 6 
a s 
s a = a f l i a a a a s u 
TABLE - 14 
• M f l i a i a a a a a s s a s . = a a a s a a s a a a a a a B 
Y ( ' 0 0 numbers) X^ l o g Y 
s a a a a i s a a i s M a n B s a a a t s B a a a s s a a s s c s a a i s a a a s a s 
4 , 1 1 
4 , 2 0 
3 , 7 3 
4 , 1 9 
4 , 0 7 
4 , 2 6 
4 , 6 8 
4 , 1 4 
5 , 3 2 
5 , 9 7 
6 , 1 0 
6 , 1 5 
5 , 6 9 2 
a a a s a 
25 
16 
09 
04 
01 
00 
01 
04 
09 
16 
26 
36 
"146 
S a = : 
2 . 6 1 3 8 
2 . 6 2 3 2 
2 . 5 7 1 7 
2 .6222 
2 .6095 
2 .6294 
2 .6702 
2 . 6 1 7 0 
2 , 7 2 5 9 
2 .7759 
2 . 7 8 5 3 
2 . 7 8 8 8 
3 2 . 0 3 2 9 
a a s s a = = : 
a s a s a s a s a a : 
Xlog Y 
s a s a a a = a a a : 
- 1 3 , 0 6 9 2 
- 1 0 . 4 9 2 9 
- 0 7 . 7 1 5 1 
- 0 5 . 2 4 4 4 
- 0 2 . 6 0 9 5 
00 0000 
0 2 . 6 7 0 2 
0 5 . 2 3 4 0 
0 8 . 1 7 7 7 
1 1 . 1 0 3 8 
1 3 . 9 2 6 6 
1 6 . 7 3 3 2 
1 8 . 7 1 4 4 
a a s a s s a a a 
NOTE: Here , a g a i n year 1975 i s t he base y e a r . 
An an t i logar i thm df the above w i l l give the 
value of b . Hence, 
b = 1.0444 
S imi la r ly , tlie value of log a can be obtained by 
the equation ( i i ) • Hence, 
log a » 32.0329/12 - 0.5 x 0.018866 
or log a « 2.5694 - 0.009433 
or log a = 2.65996 
An an t i logar i thm w i l l give the value of a . Hence, 
a « 457,053 
Now, the exponent ial equat ion can be obtained by 
pu t t i ng the values of a and b i n t o the equat ion, Y-« ab . 
Htnce, the exponent ia l equation would be 
^ =» 4^7.053 (1.0444)^ 
Now, the est imations of the veh ic les ' production 
can be made for the year 1982 and 1983, simply by pu t t ing 
Xa:7 for theyear 1982 and X »8 for t . e year 1983 in the 
above equat ion . Hence, the est imated production of t rucks and 
buses in year 1982, would be , 
Yi982 ° -157.053 (1.0444) "^  
=» 619.49 
S imi l a r ly , the est imated^ production 6£ t rucks 
and buses in the year 1983 would be 
^ 9 8 3 " 457.053 (1.0444)^ 
= 646.99 
NOTEs The forecasted f igures a re in hundreds. 
APFENDDC - VI 
This appendix i s concerned with the c a l c u l a t i o n s 
of Mean Absolute Deviat ion (MAD). Mean Absolute Deviat ion 
i s simply the sum of the abso lute d e v i a t i o n s between actxial 
production and f o r e c a s t s , d iv ided oy the niuriber of observa t ions . 
In the case of v e h i c l e s ' ( trucks & buses) f o r e c a s t , two 
methods have been uaed. Therefore, two Mean Absolute 
Divat ions are t o be ca lcu la ted - One for r e g r e s s i o n model 
and one for exponent ia l model. Table 15 and Table -16 are 
showing the sum of absolute d e v i a t i o n s between the actual 
productions and forecas ta by r e g r e s s i o n aodel and between 
the ac tua l production and forecas ta by exponent ia l model 
r e s p e c t i v e l y -
Hence, MAD iacease of r e g r e s s i o n model 
= 419 .95 /22 » 34.999 
And MAD in case of exponent ia l model 
« 391.28/12 = 32.606 
T^BIE - 15 
Table showing the absolute Dev ia t ions between ac tua l 
production and f o r e c a s t s by r e g r e s s i o n model. 
Year Actual production ^ » 463.58 +21,5035X U . P . - ^ j 
(A,P.) ( 'oo nxirtibers) ( '00 nuntoers) 
t a a a a a a a a a a a a a a a s a a a a s a a a 
1970 4 ,11 
1971 4,20 
1972 3,73 
1973 4 ,19 
1974 4 ,07 
1975 4 ,26 
1976 4 ,68 
1977 4iiil4 
1978 5 ,32 
1979 5,97 
1980 6,10 
1981 6,15 
: a a a a a a a a a a a B i a a : x s a a a a a a a a a a = : a a a a a a a a a s a a a a a 3 s a a s s s = = : a s a = = : a a a a a a = 
356.06 
377.56 
399.06 
420.57 
442.07 
463.58 
485.08 
506.58 
528.09 
549.59 
571.09 
592.60 
54.94 
42.44 
26.06 
01.57 
35.07 
37.58 
17.08 
92.58 
03.91 
47.41 
3^.91 
22.40 
TOTAL 419.95 
TABI£ - 16 
Table showing the absolute Dev ia t ions between ac tua l 
productions and f o r e c a s t s by exponent ia l Model 
{•00 number) 
Year Actual Production Y P «457 .053(1 .0444)^ |AP-YP1 
(AP) 
aasasaaaaaaasaa sssaaaaa=aaaaaaa=aaaaaaa=a3a=aaaaaaa3a=:=aaaas 
1970 4,11 367,80 43.20 
1971 4,20 384.15 35.85 
1972 3,73 401.20 28.20 
*973 4,19 419.02 00.02 
1974 4,07 437.62 30.62 
1975 4,26 457.05 31.05 
1976 4,68 477.34 09.34 
1977 4,14 498.54 84.54 
1978 5,32 520.67 11.33 
1979 5,97 543.79 53.21 
1980 6,10 567.93 42.07 
1981 6,15 »93.15 21.85 
TOTAL 391.28 
APPENDIX - VII 
• h i s Appendix i s concerned with the ca l cu l a t i ons 
of the forecas ts of ty re production (Giant ty res ) by the 
regress ion model. Here the production of t rucks and buses 
i s independent v a r i a b l e while the production of Giant 
ty res i s dependent v a r i a b l e . The ca lcu la t ions would be 
made here in the same way as have been done in the Appendix-
IV. Hence, the values of a and b can be s t a i n e d by the 
formulas -
N ^ X Y -gX^Y _ . . . 
^ = WW5C2 ( i : x ) 2 ••^^) 
and 
a » Y - b X . . ( i i ) 
With the he lp of Tab le - l ? , the values of a and 
b can e a s i l y be caikculated. t hus , 
12 X 1; 69, 50s 490 ~ 5692 X 34788 b " ' * — — I — = J : ^' 
12 X 27, 87, 314 - (5692)'^ 
or b » 5392584/ 1048904 
or b » 5.1»t2 
S imi l a r l y the value of a can be obtained by the 
equation ( i i ) , Thus 
a » 3,899-5.1412 x 474,33 
or a = 460,375 
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Now, the regress ion equat ion can be obtained 
by pu t t ing the ca lcu la ted values of a and b in to the 
s t r a i g h t l ine equat ion , Y« a + b X, Hence, 
^T » 460.375 + 5.1412 X 
s a i a s s i s a a a a s s a a a s s a a s s a a a s a 
By the above equation, the fo recas t of Giant 
t y r e production for the year 1982 can be made simply 
by taking X a 619.49 ( the es t imated production of heavy 
veh ic le s in the year 1982). Hence, 
Yl982 a 460.375 + 5.1412 x 619.49 
» 3645.297 
S imi la r ly , the fo recas t of Giant tyre production 
for the year 1983 can be made by taking X a 646.99 (the 
est imated product^of t rucks and buses in the year 1983) . 
Hence, 
11983 » 460.375 + 5.1412 x 646.99 
« 3786.680 
Notej The forecasted figxxres are in thousands. 
APHBNDIX » VIII 
This Appendix i s concerned with the c a l c u l a t i o n s 
of standard e r r o r for the es t imates of tyre production 
made in Appendix-VII, OSie standard e r ro r i s a measure of 
d ipers ion of a c t u a l data points about the r eg ress ion l i n e . 
The standard e r r o r of es t imates can be ca lcu la ted by the 
following formula. 
e „ te'T - a^Y - b X'X'Y 
Se . / 5-5 
The values of a and b can be taken from the 
2 Appendix-VII and values of TTY , TY, Y:XY and M can be taken 
from the table-17« Hence^ 
Se » / l0.38.51.9l3t - 460.375 x 34.788 -5.1412yl,69.50«490 
<^ ^ J 690527.31 pr Se « / ^ 
or Se « 262.778 
Hence, the standard e r r o r of the es t imates made 
in Appendix-VII i s 262.773. 
APEENDIX4» IK 
This Appendix i s concerned w i t h t h e f o r e c a s t s o f 
t y r e p r o d u c t i o n ( G i a n t t y r e s ) b y t h e e x p o n e n t i a l m o d e l . 
The c a l c u l a t i o n procedtire i s same a s has been done i n t h e 
Appendix-V. The o n l y d i f f e r e n c e i s t h a t here p r o d u c t i o n 
o f t r u c k s and b u s e s i s X i n s t e a d o f t i m e . Hence , f o l l o w i n g 
formulas can be used f o r o b t a i n i n g the v a l u e s o f a and b , 
l o g b - NV-^X l o q Y ) - ^ X -zrioq-r ^.^.^ 
and 
l o g a « - .^^QgT ) - X ( l o g b) . ( i i ) 
The v a l u e s needed f o r t h e c a l c u l a t i o n s o f i o g ^ 
and l o g b can be o b t a i n e d from t a b l e - 1 8 . Hence, 
1 .^ 12 x 19735 .402 - 5692 x 4 1 . 4 6 7 4 
l o g b " ' -' - •*-
12 X 2787314 - (5692)'^ 
1 , 7 9 2 . 3 8 3 2 
o^ 1°9 b - 1048904 
or l o g b » 0 ,0007554 
An a n t i l o g a r i t h m of t h e above w i l l g i v e the v a l u e 
o f b . Hence . 
b » 1 .001741 
S i m i l a r l y , t h e v a l u e s o f l o g a can be o b t a i n e d 
w i t h t h e h e l p o f e q u a t i o n of ( i i ] ( . Hence, 
log a » ^^^^^''^ - 474 .33 (0°007554) 
or log a « 3.455615 - 0.3583 
or log a » 3.097307 
An ant i logar i thm of the above w i l l g ive the value 
of a , Thu&, 
a « 1251.143 
Now the exponent ia l equat ion can be obtained by 
put t ing the c a l c u l a t e d values of a and b in to the eqxiation 
Y" ab''^. Thus, the exponential equation would be 
V F « 12§1.143 (1.001741)' 
By the above equation the est imated production of 
Giant tyres f o r the year 1982 can be made by laking 
X a 619.49 ( the est imated production of trucks and buses 
in the year 1 9 8 2 ) . Hence, 
"^1982 " 1251.143 ( 1.001741) ^^^•'*^ 
» 3675.36 
S i m i l a r l y the f o r e c a s t of Giant tyre production 
for the year 1983 can be made by taking X « 649.99 (the 
est imated production of trucks and buses in tlie year 1983) 
Hence .^  z ^. 
11983 « 1251.143 (1.001741) °*^'^^ 
» 3855.45 
Notes The forecas ted f igures are in thousands. 
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APPENDIX - X 
This Appendix l a s concerned with c a l c u l a t i o n s 
of Mean Absolute Deviat ions for the models vised in 
Appendix VII and IX. The Mean Absolute Deviat ions for 
the two models, r e g r e s s i o n and exponent ia l , can be ca l cu la ted 
with the he lp of t a b l e 19 and 20, in which the abso lute 
d e i v a t i o n s between the actual production and f o r e c a s t s of 
each model are shown s e p a r a t e l y . Prom the t a b l e s 19 and 20 
i t i s ev ident t h a t the siom of the Absolute Dev ia t ions in 
case of regres s ion model i s 2197.722, whi le i t i s 2220.508 
in case of exponent ia l model. 
Thus the MAD in case of regres s ion model 
- 2197.722/12 « 183.1435 
S i m i l a r l y , the M\D in case of exponent ia l model 
_ 2220.508 
TT 185.042 
PVBLE - 19 
Table showing the absolute dev ia t ions between the ac tua l 
productions and regress ion model 's f o r e c a s t s . 
( '000 numbers) 
YG ar Actua1 
production ^ =460.375+5.1412 X | A P - ^ j 
(AP) 
s B s o 3 S t s s a a a s a s s s s r 3 > = s s a s a s s s s : : ' . s a s s a a a a s a a s s s a a a a s a a a s s s a a a s s a a 
2 , 5 7 3 . 4 0 8 4 8 0 . 4 0 8 
2 , 6 1 9 . 6 7 9 2 5 5 . 6 7 9 
2 , 3 7 8 . 0 4 2 0 1 3 . 9 5 8 
2 , 6 1 4 . 5 3 7 1 2 6 . 5 3 7 
2 , 5 5 2 . 8 4 3 1 6 0 . 1 5 7 
2 , 6 5 0 . 5 2 6 2 2 9 . 4 7 4 
2 , 8 6 6 . 4 5 6 1 4 2 . 4 5 6 
2 , 5 8 8 . 8 3 1 4 8 0 . 1 6 9 
3 , 1 9 5 . 4 9 3 2 1 1 . 5 0 7 
3 , 5 2 9 . 6 7 1 0 3 1 . 6 7 1 
3 , 5 9 6 . 5 0 7 0 0 3 . 4 9 3 
3 , 6 2 2 . 2 1 3 0 6 2 . 2 1 3 
TOTAL 2 1 9 7 . 7 2 2 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
* 9 7 7 
1978 
1979 
1980 
1981 
2 , 0 9 3 
2 ,364 
2 , 3 9 2 
2 , 4 8 8 
2 ,713 
2 , 8 8 0 
2 ,724 
3 ,069 
3 ,407 
3 , 4 9 8 
3 ,600 
3 , 5 6 0 
l a s a a a a a s a a a a a a s a s i a s i a a a s a a a a a a a a a a a a a a a a a B a s a a i a a a a a s s a 
TABIE. - 2 0 
T a b l e showing t h e a b s o l u t e d e v i a t i o n s b e t w e e n t h e a c t u a l 
p r o d u c t i o n s and e x p o n e n t i a l m o d e l ' s f o r e c a s t s , 
( ' 0 0 0 numbers ) 
)01741)^ | A P - VFI 
3 a a a a 3 S a a a a = s = 3 = = s 3 a 3 = =:=:: 
4 6 4 . 3 8 8 
2 3 3 . 7 4 0 
0 0 1 . 8 0 9 
1 0 5 . 2 2 5 
1 7 3 . 3 4 5 
2 5 5 . 0 0 6 
0 9 9 . 9 5 1 
4 9 8 . 2 3 2 
2 5 0 . 4 9 9 
0 3 6 . 3 5 5 
0 1 5 . 1 8 9 
0 8 6 . 7 6 9 
Year 
a a a s a 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
A c t u a l . . 
P r o d u c t i o n iF =1251 .143 (: 
(AP) 
a a a e ! a i a a a = a a a B a a H B s a a a B a a a a a a s ] 
2 , 0 9 3 
2 ,364 
2 ,392 
2 , 4 8 8 
2 ,713 
2 , 8 8 0 
2 ,724 
3 ,069 
3 ,407 
3 , 4 9 8 
3 , 6 0 0 
3 , 5 6 0 
2557 
2597 
. 3 8 8 
.740 
2 3 9 3 . 8 0 9 
2 5 9 3 . 2 2 5 
2 5 3 9 . 6 5 5 
2624 .994 
2 8 2 3 . 9 5 1 
2 5 7 0 . 7 6 8 
3 1 5 6 . 5 0 1 
3 5 3 4 . 3 5 5 
3 6 1 5 . 1 8 9 
3 6 4 6 . 7 6 9 
T0a2AL 2 2 2 0 . 5 0 8 
A<>HSNDIX - XI 
This Appendix l a ccaicemed w i t h the c a l c u l a t i o n 
of t h e va lue of c o e f f i c i e n t of c o r r t l a t l o n , r . The c o e f f i c -
i e n t of c o r r e l a t i o n I s a measure of t h e degree of l i n e a r 
r e l a t i o n s h i p between t h e two v a r i a b l e s , i n t h e p r e s e n t 
c a s e the two v a r i a b l e s a r e p r o d u c t i o n of t r u c k s and buses 
and the p roduc t i on of Gian t t y r e s . The c o e f f i c i e n t of c o r r e . 
l a t i o n I s c a l c u l a t e d by the fo l l owing formula . 
r ai 
The «mlues needed f o r t h e c a l c u l a t i o n 6f r can 
be ob ta ined from t h e t a b l e - 1 7 t h u s . 
J. ^ 12 X 1^69,50,490 > 5692 x 34,788 
^ [ l 2 X 27 ,87 ,314 - ( 5 6 9 2 ) ^ ] [ 12 x l O , 3 8 , 5 1 , 9 1 2 - ( 3 4 7 8 8 ) ^ ] 
o r 
r = 5392584/6146496.911 
o r r » + 0.8773 
AfPEflClx- Xi t 
-^.T U D E M A ' t ' ._"L> 1 ^T Rl ^Kn^^ ' 
J , M i l s qive probi-b': it ies i ' " (-• ' •'' ">ceec. i'>' 
i:;<: ^^ r . -gs 
o! "tie '^ '' 
/ 
n Ot 
; 0000a 
l U l a b C 
0 764£i, 
G.725S9 
0 " ' ' "i " 
0.6S98i 
0 69746 
0 6954B 
0 69334 
0 832i? 
0 3312') 
0^3013 
0 68919 
C 68837 
1•376T 
1688 ' 
0 586 
0 68S 
C68b 
0 68*! 
C 38405 
r^ . ^01 "> f i 
Ci ;c3 ' ! i 
:p^3G4 
' . " /e 
. n^Jbft 
2,41.*.' 
• C035 
' -226 
', 3444 
1 3003 
• '^733 
• 254) 
1 243 3 
'. 2213 
• 2145 
1 208C-
' ,7041 
1 ^U'- ' 
. ^ , ; ' ; . - J 
- 1310 
• a s ; 
' 1866 
1 184a 
1 1831 
1 1816 
1 18i^2 
1 1 7 / / 
1 1766 
1 ' ^': 
• / ' " - . 
: • • 3 9 
• 1 ; . ) ! 
' ' 6 / 3 
.3,33 
2 3200 
2 1318 
„ .0 '50 
',.9432 
-,.8946 
1 8595 
1 . 8 3 J 1 
' . 8 i 2 5 
1,?96S 
1 7323 
' 77C3 
1 hj • ' 
37530 
; ;459 
1.7396 
1 73<1 
' 723 
! 72';.7 
1 7207 
i ,717-
1 713 ? 
i 710S 
i 7081 
70-6 
! "'333 
' / n ^ ' 
1 <riy 
[>':' 31 
•••t •3 
3 73'^ 
' , ' •', : , 
- T •' 
., .• , b-7 
; 5706 
3 /'.469 
3 3o45 
3 3C60 
• • ; • . 1 ' i 
2.2281 
2.2010 
3. '788 
2 1634 
; 1443 
1' "315 
. !ia9 
3 ^093. 
• 1003 
2 393C 
iOS.O 
3 0790 
. 3733 
2 J687 
2 0639 
/ 0595 
2 05bb 
2 0 5 ' ' 
' 3483 
., , 
. i j N . ' . i 
25 452 
6 2053 
. 1 7 6 5 
3 :"4)'l 
3 l53-i 
2 96f:7 
2.341,. 
2 7513 
2 6850 
2 S.38 
2 5931 
2 5600 
2 5326 
I .096 
:, 1893 
2 4726 
3 4531 
; 4'*53 
-. ,;3•^, 
; 42 3 • 
- ,• 1 0 4 
. - 1 J J 
3 405'-, 
. 397y 
;• 33'C 
3543 
313? 
1-34 
3333 
; 333'; 
.• '•'! f'i 
: j 3 f ; 
G ' 4?. 
b 3433 
a 0341 
••- 0321 
3 ?074 
3 4095 
3 3554 
3 249R 
1 1G93 
3 1058 
3 054 
3 012: 
37 oC 
• i . ' l n .• 
L S23-. 
2 5983 
i78--
/ H33 
. r- . 
" 5; 3': 
2 50 ,'• 
2 ;9 .'J 
/ . • ' 
. '33 • 
;-^si 
IS, 
/ 1 ) •, ^ 
1 • OS-
; 43.1... 
:. 3 3 : ' 
4 773.. 
4 • • 66 
a 0293 
• '689 ' 
, 496i. 
; 4234 
3 ; r -
/3 ' - ' 
. ^ ,':, 
i 133 
] 118 
i i)3r 
"1 l i 'c 
• ^ 1 " . ' . 1 
3 31, 
APgEtOIX - XIII 
ThBlS. -21 
The c r i t i c a l va lues of r for 95% and 99% confidence l e v e l s . 
N 95% 99% 
a s a a s B a s B s i B a s : = i s = a a s s s a s a a a a a a a a a s a a a 3 a a a a a s a = s s 3 a a i a a = : a a s 3 a 3 s 
10 0.632 0.765 
12 0.576 0.708 
14 0.532 0.661 
16 0.497 0.623 
18 0.468 0.590 
20 0.444 0.561 
22 0.423 0.537 
24 0,404 0.515 
26 0.388 0.496 
28 0.374 0.479 
S B s a s s s - 3 3 3 3 3 S a B a s B B S S B B S B a B s : — 3 3 a 
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